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PREFACE TO VOL. IT. 

Whoever reads this volume with a view to criticizing it., will 
find it, I doubt not, full of mistakes and omissions; I can 
only assure him that lie cannot he more sensible of its defects 
than tho compiler. 

The subjects treated of are, indeed, so extensive that to do them 
justice, would require far moro knowledge, both theoretical and 
practical, than I can protend to. But I have endeavoured to 
supply a want which has long been felt by most Engineers in 
India, and have spared no pains in executing the task. Hereafter, 
perhaps, an impioved edition may bo issued moro worthy of the 
subject, as well as tho College from which it issues. 

Many important branches of Engineering arc wholly undis. 
cussed in these two volumes, such as—Water Supply of Towns— 
Drainage—Harbour Works, and others. I can only say in ex¬ 
cuse—first, that I know little or nothing about them; secondly, 
that thoy are subjects which do not generally enter into tho 
practice ol Indian Engineers; thirdly, that to have extended this 
treatise would have been to make it too bidky and expensive for 
general use. 

The First Volume having treated of Building Materials, their 
nature, uses and strength,—and the principles of general con¬ 
struction involved in Afasonry, Carpentry and Earthwork,—-this 
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Second Volume treats of Special Constructions under the headings— 
Buildings, Bridges, Roads, Railways and Irrigation Works. 

Section VI., Buildings, has been compiled from the College 
Manual, No. VI., from Mahan, Kankine, and other sources; with 
some Indian examples taken from the " Professional Papers.” 

Sections VII., VIII., IX., and X., Bridges, Roads, Railways, 
and Irrigation Works, have been based on the four College 
Manuals, on those subjects, drawn up by myself in I Slid, to 
which has been added a large quantity of additional matter and 
numerous Indian examples from the “ Professional Papers,” and 
other works noted below. 

As the authorities from whom extracts have been made or 
opinions quoted, have not, as a rule, been given in the text, I will 
here add a list of the works consulted in the preparation of tho 
two Volumes:— 


Thomason College Manuals of Civil Engineering, Nos. T. to X. 
Professional Papers on Indian Engineering, Vole. 1 , Si and it. 
Proceedings of the Institution of Civil Engineers. 

Mahan’s Treatise on Civil Engineering (American Edition). 
Rankine’s Manual of Civil Engineering. 

Tredgold’s Carpentry. 

Dempsey’s Practical Railway Engineer. 

Gillespie’s Roads and Railroads. 

Humber’s Wrought Iron Bridges. 

Articles"Railways’’ and "Iron Bridges,” in tho Encyclopedia 
Britanniea, Sth Edition. 

Sir Proby Cautley’s Report on the Ganges Canal. 

Col. Dickens’s Report on the Soane Canals. 
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Major Crofton’s Reports on the Sultcj find Granges Canals. 

Colonel Anderson’s Notes on Canals and Rivers. 

Professional Papers of Madras Engineers, Yols, 2 and -1. 

Colonel Baird Smith’s Madras Irrigation. 

Keay’s Scantlings of Timbers for Roofs. 

If cay’s Examples of Estimating. 

Kunliya Lai’s Wooden Bridges. 

Morton’s Treatise on Rajlnihas. 

Interleaved copies of this Volume as well as the I'irsl, may 
he had on application. I,may add that the first edition of Vol. 
I., of which only f>00 copies wore printed, will probably ho 
exhausted in about a year, and if any interleaved copies with 
corrections and additions could he returned to Roorkce by tho 
end of this year, T should esteem it a great favor, and would 
send in exchange copies of tho new edition, when ready. Of 
the present volume 1000 copies have been printed, or tho price 
of each would have been too heavy. A second edition of it, 
therefore, cannot be looked for so soon, but judging by tho pre¬ 
sent demand even before the volume is issued, the date will not 
be a distant one when I shall bo glad to have the interleaved 
copies returned with a similar object. 

I take this opportunity of drawing attention to the earo and 
excellence displayed in the Press-work of the two Volumes, for 
which the reader is indebted to Sergeant Johnston, the Super¬ 
intendent of tho College Press. 


Rooiuckk, 

U£ May, 1867. 


J. Gr. M. 




G LOSSARY OF INDIAN TEEM S USED IN THIS 

TREATISE. 

Aniaut .— A. weir built across a river to raise the level of tlio water for 
irrigation purposes. 

Anna. — A. copper coin, value 1-Jd.—16 make, a rupee. . 

Beldar. —A digger—a “ navvy.” 

Beegah .—A loeal land measure, varying much in different districts, but 
usually about three-fifths of an acre. 

Bheestie .— A wator-carrier. 

Bhaosa .— Chopped straw. 

Blmttee .— A native kiln. 

Bucljeree .—A sorb of gravel used in mortar. 

Burgahs .—'Joists used in flat roofing. 

Bulldh or Bailee. —A small tree, usod as a scaffolding pole or as a pile. 
Bund .— An embankment. 

Calingula .—A wasto woir by which surplus wator is discharged from n 
tank. 

Chatty .—A small earthen water-pot. 

Chitiank .—Two ounces—16 make a seer. 

Chnlait .—The outer frame of a door or window. 

< doolie .—■A common laborer, 

Chvnam .—Lime cement. 

Daghbel .— A nicking out in tho ground. 

Deodar—(Cedvus deodard ).—A valuable wood, used in the Punjab; 
nearly the same as the Coclar of Lebanon. 

Dhoob .—A species of grass. 

Dhenkeg. —A lever worked by a man’s weight, and used to draw water, 
pound bricks, &c. 
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Daub .—A tract nf country between two rive™, 

Ghaut. —A mountain pass. 2. A river landing place. 

CHiooting. —A kind of lime. 

Gnunmic .—A {hatcher; lie also makes scaffolding. 

Gunny .—Coarse sacking. 

Jlhwvt .—Vitrified brick. 

Jltnm. —A peculiar tool used in well-sinking (see Vnl. 1., p. 2 13). 

Khurcrf (j nil ).—The autumn crop; sugar, rice, Ac. 

ICunhir .—-A peculiar form of limestone found in the plains of Upper 
India, just below the surface, consisting of rough, irregular, nodules, ft 
is Used for road metalling, for burning into lime, lor conrroli' and for 
building. 

Kiu'lin ,— Raw, unlmrnt, unfinished. 

/Currie. —A small beam about 8 inches square, 

Lahli. —100,000. 

Lateritc. A peculiar sandy clay, used extensively in Southern India for 
building and road metalling. 

Maund .—80 lbs.—28 make a ton. 

Mis tree. A master workman; Ruj mist ree, a master mason ; llurhaer 
mistree, a master carpenter; Loliar mistype, a master blnckhrniUi. 

Moorum. —A kind of soft rock, used in the Horn hay Presidency for urn- 
tailing roads. 

Monsoon .—The rainy season. 

Musjid .—A mosque. 

Maud .—A large earthen water-vessel. 

Neemrhuk. The wooden ring on which the masonry oT a woll is built. 

Muilah JVuddee .—A water-course, full in the rains but dry during tin; 
greater part of the year. 

Pajaioah. —A native brick clamp. 

Peela (bricks).—-Bricks only half-burnt. 

Pergnnndh. A sub-division of a Zillali or District, 

Phowrah. A large hoe, the common substitute for the spado, used all 
oyer India. 

Pie— A copper coin, value half-a-farthing-3 make one pice, and I pice 
make an anna. 

Pucl-a. —Burnt, completed. 
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Pun-chiiUcee. — The native walor-wlieel, used in Upper India for grind¬ 
ing corn. 

Punsal. — A water gauge. 

Punkah. — A frame of wood und cloth, suspended from the ceiling of a 
room,.and pulled by manual labor, to servo as a fan. 

llajlmha .— A minor water-course for Irrigation. 

Rubbed fjuulJ .—The spring crop ; wheat, &e. 

Rupee. — A silver coin—worth about 2s. 

Pal or Paul—(Phorea rolwsla ).—A strong tough wood, much used in 
building throughout the hf. W. Provinces. 

Seer. —l! Ills,— 10 make a imumd. 

SoorkJwc. —Pounded brick, used to mix in mortar. 

7o/i<\— A clump of trees 

Toon—(('ctltrla Touna )—A wood resembling mahogany, and used 
for Biiniliii pnrpoHe 1 ! 
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SECTION VI “BUILDINGS. 


Many of tlic details of tlic Construction of Buildings have necessarily been 
treated of already in the Chaptois on Foundations, Stone and Binge 
Masonry, Roofs, &c. In this Section, what remains to be added to the 
subject will bo treated of under the heads of Walls, Floors, Roof 
Con miincib, Finishing and Dhsiuninu 


CHAPTER XXIV, 

WALLS. 

1. Foundation ,—Tho object of carrying the foundation of a building 
below tho sui face of tho ground is to guard against the bottom of tlic 
masonry being exposed and undermined; and, where tho soil is oasily com¬ 
pressible, or loose, to obtain a firm footing. It is not cssonlial that rook, 
or very hard soil, should ho met with. A building may bo secure even on 
snnd, if it bo carried down sufficiently to bo beyond tho chances of undormin- 
ing by rain, etc., and the sand bo not liable to laloral displacement, “Made 
earth”—that is, soil that has beon dug and moved, must always bo distrusted, 
and precautions falcon proportional to tho weight of the building to bo put 
upon it. 

.For__biiilcliiig-a_of ordinary size and height, it is generally sufficient to 

cl'g down to a depth, to which tho soil is not affected by rain in Indio, 
and by frost in England. In compimsiblo soils it is sufficient for ordinary 
buildings that the__soil jdiajvjil. bo equally comprossiblo. In nil cases, 
howovor, wherein, the building varies much in tho height, and consequent 
weight of particular parts, groat caro should bo taken to adjust the areas to 
be compressed to_ tho corresponding weight of each part. Where tho soil 
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SECTION VI.—BUILDINGS. 


Many of the dolails uf the Construct ion of J'lttldiiifjs have necessarily bom 
treated of already in the Chapters on Foundations, R own and Hiucic 
Mahont!Y, Uookh, &c. In this Beotian, what remains to lie added to the 
subject will be treated of under tho heads of Wai,i,s, Fi.oous, Kook 
Oovruuicib, Fjnihiuno and Duhkininu 


CHAP T E It XXIV. 

WALLS. 

1. Foundation .—Tho object, of carrying the fonndnt'iim of a building 
below tho Hurfiieo of (ho ground is to guard agahiNl the bottom of tho 
masonry being exposed and undermined; and, where the Noil is easily com¬ 
pressible, or looso, to obtain a linn footing. It is not eamiutiul (hat rock, 
or vary hard soil, should be met with. A building may ha soeuro oven on 
Hand, if it, bo carried down sufficiently to be beyond tho clnmcoH of undermin¬ 
ing by rain, &c,, and the sand be not liable to lateral displacomonl. “Mmlo 
earth”—that is, soil that lias been dug and moved, must always bo distrusted, 
and precautions taken proportional to tho weight of tho building to bo put 
upon it. 

.For ImildingH.o.r ordinary size and height, it in generally sufficient to 
d'g down to a depth, to which the soil iy not affected by rain in India, 
and by frost in hhiglund. in compresHiblo soils it is sutlioient fur ordinary 
buildings that the soil slipjjlfl bo equally comproNHiblo. In all canes, 
however, wherein tho building varies lunch in the height, and cimsoqumt 
weight of particular parts, groat caro should bo taken to adjust the areas to 
be compressed to tho corresponding weight of each part. Where the soil 
von. ii, 
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walls. 


ii usc-ssl-ihc softer parts may be crossed by arches abutting on the harder, 
Till where the weight of the building bears up on points, as in a colonnade, 
a continuous foundation is built with inverted arches between each pillar. 
"Where the weight is great, and the ground soft, Concrete forms an excel¬ 
lent Le.l for .'a foundation when carefully laid; three measures of broken 
stone or well washed- rend kunkur, to one of good hydraulic mortar, oarc- 
fullv an 1 epably mixed,"kept wet, and rammed whilst setting, make a 
good concrete; or the kunkur may be used as in road making, and if well 
beat* n will be foun 1 serviceable. 

The excavation, on being dug to the required depth must, with great 
c.r.e be made correctly level at bottom, both longitudinally and traub- 
vcrbdy. 

2. When the ground to beJaiilt_qn, slopes_ considerably, in older that 
the foundation at the u ppe r pa rt o f the building.be not unnecessarily deep, 
and a waste of masonry be thus caused, the bottom of the excavation 
should bo made in successive level steps descending in conformity with the 
slope of the ground; taking care that the bottom of the foundation never 
approaches too nearly the surface of the ground—thus— 



Correct levels should, therefore, be taken of ground on which a building 
is to be erected and the requisite cuttings carefully laid down in section 
to scale, before a spade is put into the ground; as any mistakes mado, 
by digging the foundation too deep in any place, must bo repaired by 
costly masonry; any attempt to mend the matter by refilling tho trench 
being quite inadmissible, although, unless narrowly watched, those who 
made the mistake will he apt to gloss it over in this manner to tho immi¬ 
nent danger of the building to be erected. 

The trench should then be commenced at its lowest extremity, and the 
minimum, depth of foundation excavated throughout; for instance, digging 
it 2 feet deep at the lowest point, proceeding at this level horizontally till 
the bottom, of the trench is 2-| feet from the surface, then rising by a stop 
of G inches and proceeding as before. 
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In order to prevent waste of masonry, it will be best that the foundation 
course be of uniform height, say in the present case, feet; on this the 
plinth is to be built until it shall reach the height determined on for tlio 
floor of the building-, at its highest point above the ground. 

When building in rainy weather, even with pucka masonry, lint always 
when with kaolm or kuolia pucka, the ground to be built upon should 
be thoroughly drained, and earth filled in to a level with the plinth, and 
around it as the building advances, taking care to leave an exit for the 
water, at every doorway, by omitting a couple of courses of brick under 
every door sill, to bo filled in with the flooring, aftor the roof shall have 
been put upon the building. The earth required for filling in the plinth or 
for kucha mortar, should be dug from trenches, so disposed around the 
building as to aid its drainage, both whilst in progress and when completed. 

3. The following rules for the conslruciion of ordinary buildings are 
extracted from the “Barrack Master’s Assistant and Addenda,” n work 
now out of print, hut which contains much useful practical informal iofi. 

“ Iu choosing a site, particular cncpiirios should bo made of tho oldest 
inhabitants of tho place, if any tanks have ever been upon the ground 
and subsequently filled up. Foundations laid upon made ground of this 
nature, invariably sink unless properly secured by artificial means. 

“ Engineers must recollect that a failure in tho foundations cannot ho 
admitted as any excuse for buildings giving way. When they have a elioiee 
of sites they should take care, by previous enquiry and trial, to select a 
good one j and when there may bo no choice, they should take care to 
secure tho foundation suitably, as circumstances may require. 

“ If it should be necessary to build on ground that 1ms been artificially 
filled up, tho foundation trenches must bo carried down to the firm 
ground below, and tho walls built up rogularly from tho bottom, or piors 
may bo built up, at intervals, and the spaces covered by arches, tho crown 
of which should not appear above tbs level of the ground when finished. 
Walls of old buildings intersecting tho new should not bo loft, ns they 
would prevent the new masonry from settling equally in all places. 

“If tho ground is sound, hut very sandy, the foundation should be 
made very broad at bottom, and decreasing by stops to tho breadth of the 
wall of which it is the support. If the ground is sandy at top, and good* 
clay at a moderate distance underneath, the foundations, should bo dug 
down to the firm earth, If, on the contrary, as often happens in the 
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lower parts of Bengal, the soil at top is much firmer than below, it should 
be very little dug into. 

«Even where a foundation has been dug in apparently good ground, 
a strong wooden beater should be used all along the trench, to detect, by- 
sound, any hollow which may be concealed; this precaution is particularly 
necessary where there are many white ants. It is likewise a good precau¬ 
tion to pour a large quantity of water into the trench, for the same pur¬ 


pose. 

“In sandy soils any deep excavation near the foundation, should bo 
avoided or carefully filled up, as the weight of the building will have a 
great tendency to force the sand from underneath, and drive it into the 
hollow. When it becomes necessary to secure the foundations by artificial 
means, a variety of expedients should be considered, and the ono best adap- 
ed to the situation, selected." 

4. In all cases when the nature of the sub-soil is unknown, a trial 
pit should be sunk close to the site of a proposed building to such a depth 
as may allow the different strata to be seen; or the earth may be ex¬ 
amined by Boring. 

The borer is a laige auger made for the purpose, having its shank com¬ 
posed of a great number of joints of moderate length screwing into each 
other, by means of which, the operation may bo continued to any doptli 
judged necessary; this instrument being occasionally pulled out of tlio 
ground by a gin and tackles, or other convenient machine, always brings 
up in the hollow part of the auger, a specimen of the lowest stratum of 


soil pierced by it; the persons^employed in thus sounding for a founda¬ 
tion ought not to stop on finding a hard stratum such as gravel, &c., but 
should ascertain by boring deeper, whether tho thickness of it is sufficient 
to ensure the safety of the proposed work. 

When the trenches are dug and the bottom has been thoroughly ex¬ 
amined and tried, should the soil prove generally firm, any looser parts, 
if not deep enough to render a resort to piling or building on piers neces¬ 
sary, should be dug up until a solid bed be got at; this portion should 
then be secured by ramming in small stones or pieces of vitrified brick 
Otea), closely packed together, watered, and covered with a layer of 
we -ground mortar, beaten iuto the interstices, with a heavy rammer; if 

md “T^ 10 ’ a kyer ° f S °° d concrete “7 be laid upon this, 

s&a well beaten whilst setting, L % 
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The vaiions artificial contiivances for obtnining~a firm fonndntion for 
buildings or otlior structures in bad soil or under water have boon already 
treated of in Chapter XY. 

The breadth usually given to foundations is ono foot greater than that 
of the walls of the lower story, but more than this may often bo neces¬ 
sary in Bengal, where the security of foundations in general depends on | 
their breadth much more than on their depth ; one foot, or a foot ami a half, ' 
will generally be found sufficient for the latter, if care is taken that the 
soil underneath the foundations is protected from wet. 

5, The Plinth should be diminished by off-sets, not exceeding 3 in¬ 
ches, or a quarter of a brick, on each side of the foundations, tho walls of 
the lower story being diminished in the same manner from tho plinth, and 
so on successively with the several stories, to the top, taking cnio however 
that the uppermost part of all bo not made too weak; walls should bo 
diminished by equal off-sets on each side, so that tho centre of the upper¬ 
most course may be plumb with llrat of the plinth. Tho inner ledges, 
helping to carry tho floors, are not seen, and those on the outer walls may 
be covered by a string course of stone, or an ornamental brick cornice, 
encompassing the whole building, which will servo to prevent the ledge 
from being either injurious by holding rain water, or unsightly. 

When buildings of no groat height are to bo erected on compressiblo 
soil, and piling is not deemed expedient, hoop iron may be used to aid 
the bond, being built in, with good moitar, just above tho first or lowest 
course of bucks, and may be used at every fourth course to the level of the 
superstructure ; this will enable the walls to settle bodily, and provent 
fissures. 

Care should be taken in all lofty or heavy buildings, especially those 
with vaulted roofs, wherever openings for doors or windows are intended, 
to throw inverted arches between the piers. Tins precaution, when the 
building settles, will throw a proportion of the weight under tho openings, 
and relieve tho piers, by which means tho cracks in doorway arches, which 
are so frequently seen, will bo avoided. 

Banges of pillars should always have a thorough continued foundation 
under them, with inverted arches between the pillars; except in very slight 
buildings on a hard foundation, when they may bo dispensed with. 

The same precautions arc of still more importance in tho construction of 
arcades;—when the abutment walls of arcades with semi-circular openings 



q WALLS. 

arc narrow, the lower part, or alout 3D 1 , of the arch may bo obtained by 
corl-elling out the abutment into the requisite form, with hi inks laid hori¬ 
zontally and their ends cut to form the skew-back from which the arch is to 
5nn ' na: ; this arrangement gives a Letter base to the spaiulril. 

* jv ordinary buildings, arcades should be preferred to the objectionable, 
style of construction of pillars with wooden architraves, for which flat 
arches may in most eases he safely substituted. 

(i, Doorways should have double arches over Lhem, one flat or nearly 
sc, aud an upper one serai-circular, should there be space for it; if other¬ 
wise, it maybe a quadrant or even a flatter segment; the flat arch is a 
beam of biick-wurk formed with bricks radiating to a centre, thus contain¬ 
ing a segmental arch, the radius of which may be equal to the breadth of 
the op:niug. It should rise about one inch in the centre of ils soffit or 
intrados, and its extremities should spring from a point about an inch above 
the top of the door frame, so that on the piers settling, no pressure should 
he borne by these frames or cJiohtts, which should not, however, be inserted 
till the roof Las Leon covered in, and there is no fear of extensive settle¬ 
ment. 

7. Thickness of Walls .—It is only when extremely heavy vaults or 
very high towers have to he built tlxat the resistance to crushing need bo 
considered in the design of a building, but it must always bo remembered 
in such cases that allowance must be made for inexactness of bearing sur¬ 
face, and inequality of texture, and that at least eight times the bearing 
surface that would crush under the load must be allowed. 

In architecture, walls are generally more liable to be overturned, either 
partially or wholly, than crushed, and the directions likely to bo taken 
by force a haling this tendency, under flic influence of storms, earthquakes, 
&C., must be taken into consideration. 

Long walls not supported by the intersection of, or the abutment on 
them of, other walls are evidently weaker, that is, more liable to fall from 
unequal settlement of their foundations, and more easily thrown down 
by storms or other causes than such as are so supported. 

Bandelet, from a vast number of examples of existing buildings, deduces 
a rule that enclosure walls of durable materials, that is, of brick or stone 
cemented with good mortar, require a base varying from -J-lh to -X-th of 
their height for lengths within the limits of ordinary construction; and 
taking this as a maximum, that tins thickness at base may ho reduced in 
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the raLio of the cosine of the angle formed with the ground line, by a dia¬ 
gonal extending from the bottom of one cross wall to the top of the one 
next to it; or ns this diagonal is to the base. In making calculations of 
this sort for practice, the nearest quarter or half bvielc above the calculated 
thickness should always be taken. 

In treating of enclosures of a polygonal form he considers each side 
of the polygon as supported by tbo abutment of two others, but the 
abutment not being at right angles cannot be allowed its full effect, or a 
circular wall, which is a polygon of an infinite number of sides, would 
require no thickness. It doubtless requires less than a wall disposed in 
any other form. 

8, For covered buildings, the rule given by Ronclclct is, that the 
thickness of walls carrying a well tied roof may bo -jMh of tlieir height, 
under the tie-beam, multiplied by the cosine of the angle formed by the 
floor, and by the diagonal drawn from the foot of one wall to the top 
of the opposite one. 

But if the walls supporting a roof are stiffened in any manner, such as 
by a lower roof at ail intermediate height, as in churches with nave and 
aisles, his rule is to taka -jVtk of tlie height above the point stiffened, 
added to ^th of the height below it, or which is the same thing -^tli of the 
sum of the whole height ol' Jic nail, and the height of the portion above 
the point stiffened. 

This rule agrees with the dimensions of the church of Saint Paul outside 
the walls of Home, and also with those of many other churches, measured 
by Kondelet. It, however, evidently should have a limit, and cannot bo 
considered applicable to buildings whose breadth is less than half or more 
than twice the height of the walls supporting the roof. 

And, indeed, although a well constructed roof Borves to tie the walls 
by which it is supported together; still as all roofs are liable to deflection 
and derangement from changes of temperature and other causes, it docs 
not seem advisable in ordinary practice to reduce the thickness of walls 
on that account, although the reduction which depends on the support 
given by cross walls may bo made with safety, 

9, Rondelet gives examples of lofty churches, in which the main walls, 
although supoported in some cases on pillars only, have a base of barely 
■Jjth of their height. 

For instance the church of Saint Paul is 93 feet high under the tie- 
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beams, but the supporting pillars and their superincumbent wnlls are 
but 3J feet thick: they are supported against falling outwards by pent- 
roofed ai«lcs, but as the walls supporting the main roof are of great height 
and leneth there seems to he a liability to their bulging inwards where the 
pent roofs lean upon them. 

Tire outer walls which are much lower, but which sustain the thrust of 
the pent roof, are considerably thicker; and the area of the whole building 
is to that of its points of support as 9 to 1. 

In the church of Saint Paul’s, London, the area is to that of the points 
of supnort as 6 to I; in the round church of Saint Stephen at Rome, as 
18 to 1; and in ordinary brick buildings in Belgium, it averages about 17 
to 2. 

In many vaulted buildings enormous pressure is sometimes sustained 
by a single pillar, but of course great care is taken in the construction of 
smell pillar, both as to material and workmanship. 

These examples are adduced to show that where both material and work¬ 
manship are'good, there is little liability to crushing, and that if walls 
are truly plumb, and no uncompensated thrust upon them is permitted, 
very slight walls may safely be carried to a great height. All unequal 
settlements in the foundations must likewise be strictly prevented. 

It must he remembered also that these examples are quite inapplicable 
to walls roughly built with bad materials, especially with such as aro liable 
to injury by wet or other causes of decay, such as sun-dried (kucha) brick 
not carefully made or allowed to become wet cither before or after it is 
built into the walls. Kucha bricks once throughly wotted never recover 
their consistency, but always remain friable and easy to crush. 

Neither will walls of these dimensions bear untied or ill-framed roofs, 
which from faults of design or of workmanship do not rest on tlioir sup¬ 
porting walls as’a dead weight. 

Rondelet gives as a ride for the thickness of the walls of dwelling 
houses of several stories, that the internal-walls of a house without long¬ 
itudinal cross walls should be J T th part of the sum of the breadth 
of the house and half its height; whilst in what are called doublo 
houses, the thickness should be J-th of half the sum of the height 
and breadth, which is much the same as calculating the breadth to 
the nearest longitudinal partition only. For the thickness of partitions, 
T yth part of the sum of the breadth of the space divided by it, added to 
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the height of the story- for instance a partition 10 feet high dividing a 
space of 26 feet into two portions, would require to be 26 ^ 10 or 1 foot 
thick, but as this rule would make the partition walls in the lower story, 
carrying other partition walls above it, no thicker than those in the upper 
story, Rondelet allows an additional half inch for every story which the 
partition has to cany, so that in a six-storied house the bottom partitions 
would be 8 inches thicker than those at the top. 

10 . As Rondclet’s rules give no scale for the diminution of the thick¬ 
ness of outer walls in each story; the following will be found to give about 
the same average thickness, whilst the stability is increased by giving a 
greater base for the wall, and placing its centre of gravity lower, which 
renders trifling defects of workmanship less important. 

For buildings divided into stories of heights varying from 20 to 10 
feet; first, take a thickness of -jL-th or T Ltk of the total Insight of the 
external wall, reduce it in the ratio of the base to the diagonal diawn from 
its top to the bottom of the opposite wall to which it is tied by roof or 
floor, whether this is an external or partition wall: let this be the thick¬ 
ness of the wall for the lowest story. Calculate tho thickness of the walls 
of the next story in the same maimer from its floor, the height being of 
course lessened by that of the lowest Btory; and so on for each story 
separately—taking care, however, that the walls of the highest story of 
all are not so thin, as to be crushed or become crippled by the weight of 
the roof, and some allowance must also be made for the force of tho wind 
in storms at this height, so that a new cause of weakness being added, 
some allowance must be made to meet it. In ordinary cases, the thickness 
of the wall of the highest story may be made sufficient, by adding to it half 
the difference between its thickness, as found above, and that of tho next 
story below it. 

Take for instance a building 36 feet high and 24 feet wide, divided into 
three stories of equal height. 

By the rule above given, the thickness of the walls of the lowest story 
will be— 

To = 3-6 then ~ 2 feet,10 ‘ arly ’ 

of the middle story- 

24 „ . 2-4x24 

To = 2 ' 4 
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of the upper story— 
_10 
12 


— 1-2 then 


1-2x24 


V 12’+21* 

or allowing- for weight of roof —j 


= 1-1 nearly, 
= 1-4. 


And using bricks 12x6 inches the walls would, taking the nearest quarter 
of a brick greater than the calculated dimension, be 2 feet, 1 § foot, and 1^ 
feet thick. 

11 , "Walls are also much stiffened by having a proportion of their 
average thickness disposed in the form of buttresses; about one-eighth 
seems to be a good proportion as in the following diagram: 
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4 X 3 + 12 X 2 = 16 X 2£ the average thickness. 

And this arraugment is particularly applicable to enclosure walls—which 
are likewise much improved in appearance thereby. 

In house or other architecture, pilasters and panelling may be used 
to produce the efiecc contemplated, which is, with an equal quantity of 
materials to obtain an enlarged breadth of base. Italian towers or cam¬ 
paniles are built in this manner with excellent effect, both in an architec¬ 
tural and in an engineering point of view. 

12. Arches in briclc-work are plain or rough, cut or gauged. Plain 
arches are built of uncut bricks, and the bricks, being rectangular in seotion, 
while that of the arch is wedge-shaped, the inner or lower angles of tho 
uncut bricks should be in contact, and the wedge-shaped voids between 
them must be filled with mortar: if tho arch is of so small a radius ns 
to leave large voids, broken brick may be mixed up with the mortar used 
in filling these interstices; mortar for arches should bo more carefully made, 
and thoroughly ground than that required in ordinary walling, In con¬ 
sequence of this inherent defect in uncut brick arches in extensive continu¬ 
ous works, such as sewers, tunnels, vaults, <£*., it is advisable to make 
them in thin independent rings of half-brick or one brick thick, ns tho 
case may be; that is, a one foot arch should be in two half-brick arches, 
and a one and a half foot arch in three half-brick arches. It is evident that. 
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by this mode of construction, a greater quantity of tlie solid material comes 
into the back or outer ring of the arch than into the lower one; and if 
they had been bonded together into one arch, all that difference must have 
been made up with mortar. 

Ganged arches arc composed of bricks which are cut and rubbed to 
gauges and moulds, so as to form perfectly fitting parts in the arcli. 
Gauging is not only applicable to arches, as it means no more than the 
bringing every brick exactly to a certain form, by cutting and rubbing, or 
grinding it to a certain gauge or measure, so that it will exactly lit into 
its place, as in the finer works of masonry. 

13. Wall-plalcs arc required to receive the ends of all joists, so ns to 
distribute the weight of the floor or roof to which they belong, equally along 
the walls. If the joists rested singly on the naked bricks, their thin edgos 
would crush those immediately under them. Linlcls are sometimes used 
over square-headed windows and doors, instead of arclios in briclc-work, 
when required to preserve the square form and receive the joiner’s fittings, 
but they should always have discharging arches over them, and should not 
tail into the wall at either end more than a few inches, in order that the 
discharging arch may not he wider than is absolutely necessary. If, how¬ 
ever, discharging arches be not turned over them, the lintels should tail in 
at each end considerably, and have templates or wood-bricks running right 
through the wall placed transversely under them. Flat, nrelies should, how¬ 
ever wherever possible, be preferred to lintels. Discharging arclios should 
be turned over the ends of beams. They may generally bo qundrants of a 
circle, or even flatter, and should be turned in two or more lialf-bricks over 
doors and windows, and other wide openings, but over the ends of beams 
they need not be move than a half-brick thick. 

14. Wooden bricks are used to prevent the necessity of driving wedges 
into the joints of brickwork to null the joiner’s work to. They arc pieces 
of timber generally out to the size and shape of a brick, and worked in 
as bricks in the inner face of a wall, whero it is known that the joiners 
will have occasion for something of the kind. Tunkahs, and the requisite 
arrangements for pulling them, wall shades, accoutrement pegs, shelves, 
and all fittings should be carefully provided for in the working plans of 
all buildings requiring them. 

15. Chimneys .—Not the least important part of the bricklayer’s art ifj 
the formation of chimney and other flues. Chimney flues arc plastered or 
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pargctteJ with a mortar in which a certain proportion of cowdung is mixed, 
which prevents it from craeking and peeling off with the heat to which it is 
exposed. Experiment has proved that a tapoering and nearly cylindrical ditto 
of a small bore is the best for carrying away smoke. Of course, too, the 
bore should be regulated by the size of the fire-place, or rather by tho 
quantity of smoke to which it is required to give vent. In laying out tho 
fire-place all the lines should convergo towards the throat of the chimney, 
which thould ho contracted, and immediately over the fire, because as soon 
as the sides of the throat are heated, air begins to ascend through it. Tho 
Hue should widen out again above this contraction. 

Plastering has been already treated of in Arts. 103 and 228, ci seq,, and 
the C^rring of Walls in Art, 111, Vol. I. 



CHAPTER XXV. 

FLOORS. 

10 . Brick~on-eclge Floors. — These should bo very carefully made. In 
the first place the ground should be truly levelled, (or, if the floor is in¬ 
tended to have a slope, made parallel to it,) and thoroughly consolidated 
by being well rammed. On the surface so prepared, which should bo 1 
foot 3 inches below the intended level of the floor, a layer of dry sand 
3 inches deep must be spread, as a preventive against damp and white 
ants; on this two courses of bricks are laid flat, and sot in mortar; this 
will leave 6 inches for the uppermost, or briclt-on-edgo, course. The best 
shaped and burnt brielcs should be picked for this course; their surfaces 
which are to be placed in contact should bo rubbed perfectly smooth so 
that they may be laid quite close to each other, with merely a thin joint 
of the finest cement between them which should be thoroughly well ground ; 
care should be taken that the workmen covers the side of the brick last 
placed with mortar before he places the next one against it. When finishod 
the joints should be carefully filled in with a little clmnain and water. 
When the floor is not required to be vory solid, one of the coursos of 
brick flat is omitted. The bricks-on-edge are usually laid in parallel rows, 
breaking joint, hut sometimes in herring-bone bond. 

The practice of covering brick-on-edge floors with a thin coating of 
terrace is objectionable; it seldom is of sufficient substance to be lasting, 
and native workmen are, chiefly desirous of using it for the purpose of 
concealing coarse work. If tire floors be made as above directed no 
terrace can be required. 

For brick-on-edge floors, small bricks have been recommended, but if 
large bricks be used there will be fewer joints between them, and 12-inch 
bricks may be very woll burnt if proper care be taken. 
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17, The above description of floor is recommended for Store rooms or 
gc-downs, on nhich heavy weights are likely to be placed, but for cutcher- 
ries, jails, hospitals, cook-rooms, &c., (fee., substantial Paving Tiles 15 or 
IS inches square, and 2 or 2% inches thick are considered preferable. 

When paring tiles are used for floors they should be correctly squared, 
and their edges trimmed, that they may be laid with precision and their 
joints made as fine as possible. They are laid on the same foundation 
as the brieks-on-edge, and afterwards neatly pointed with the strongest 
cement. Their surface of course must not be nibbed, as it would destroy 
the glazing of the tiles. 

When Flag Slones are procurable, they are, in many cases, to be pre¬ 
ferred to any of the above descriptions of floor, as being more durable 
and less easily injured; but care should be taken to avoid those descrip¬ 
tions of stone which imbibe and retain moisture. They are laid ill the 
eame manner as tiles. 


IS. Terraced Floors depend for their excellence on the goodness of the 
mortar, and the care taken in beating it. The process in the Upper Provin¬ 
ces is as follows:—First, the ground is prepared and sand laid as with the 
other kinds of floors; then kunlmr or broken brick with a little thin mortar 


poured over it, and well beaten; then a layer of a good building mortar of 
fresh fcraikiiT, lime and bujree, or of stone lime and soorkhce, to be kept 
thoroughly wet, and well beaten by light hand mallets (thappees), till the 
mortar is set; the soorkhee mortar will require most labor. If the mortar 


has been well ground, one layer of 4 inches thick, beaten down to 3 
inches will suffice. This process of beating will bring a large proportion of 
lime and the other finer particles of the mortar to the surface, which, whon 
the beating has been carried far enough, may then be rubbed smooth ; and 
before it is allowed to dry completely the surface may be enamelled with fine 
lime, laid on with a brush and polished with a trowel. The greatest care 
mast be taken to allow no part of the work to dry from its commencement, 
till it is finished, especial cave being taken at the joining of different day’s 
work to blend them so thoroughly that the lines of juncture shall not be 
discoverable; covering the work with a thick layer.of wet sand as soon ns 
the surface is set, is a good plan to keep it moist. 

Bus is the practice in the N. W. Provinces. In Bengal, however, the 
method is different. There the terrace is not composed of mortar, but of 
bnmc broken to small pieces so as to pass through a H-ine.h 
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spread C indies thick, on a single course of bricks laid flat immediately over 
the sand, and mixed with a certain proportion of dry limo ; when this baa 
been thoroughly mixed, water is added, and the whole raked up and turned 
over by men with phourahs ; the surface is then carefully levelled off to the 
correct slope with long straight edges, and then the whole ia beaten with 
mallets till it is reduced to two-thirds its original thickness, and tho sur¬ 
face becomes nearly smooth ; when a layer of mortar three-eighths of an inch 
thick is laid on and also beaten. The surface is finished off by a very thin 
layer of lime laid on moist, and well rubbed in with a good deal of pressures. 
It ia of the greatest importance that tho vi-holo work bo kept moist until 
complete, and when finished, bo covered with matting or otherwise protected 
from the eun, and occasionally moistened so as to prevent its drying too 
quickly. 

Terraced floors though very common and well adapted for private houses, 
are not suitable for public buildings, aa they soon get broken from tho 
wearing of feet, and are very difficult to ropair. ( A brick floor is in every 
way to be preferred for such buildings. 

19. It is greatly to be regretted that a systematic attempt has not been 
made to introduce the manufacture of Colored Tiles into this country, so 
admirably adapted for floors of all sorts, from tho plain colors which are 
suited for Churches, Barracks, Court-houses, &c., to the beautiful encaustic 
patterns which would answer so well for private houses. 

Glazed Tiles of several colors are however made at Moollan, Delhi, and 
a few other places, which arc used for Halls, Churches, Verandahs, &c., but 
the glaze is objectionable as apt to chip off and as being loo slippery. 

20. In a damp climate, such as Bengal, where special precautions are 
requisite to prevent moisture from rising out of the ground, Flues arc somo- 
times formed under the floors by means of walls from 9 to 12 inches apart, 
and of about the same height and thickness; these flues should bo well 
plastered throughout, and built of the hardest brick procurable. Their ends 
should also be carefully closed by iron gratings to prevent their being inha¬ 
bited by vermin. 

Hollow earthen pots or drain tiles may also ho used under the floors, but if 
salts are present, their crystallization will soon destroy tho pottery. 

31. Asphcdte, or rather asphaltic cement, makes an excellent floor- 
the best is that in which the limestone is found impregnated naturally 
with bitumen, and is in England called Seyssel asplialtc, from the place 
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where that first imported into England was quarried; the proportion in it 
of calcareous matter to bitumen is as S3 to 17, and the amalgamation is 
more perfect than in the cement composed of bitumen and chalk or pow¬ 
dered lime stone, made in imitation of it. 

In using the natural asphaltic cement, it must be ground to a fine 
1 owder, sifted, then mixed with about onc-fifth of its weight of pure 
bitumen, and heated in an iron boiler, taking care to stir it well the 
while.—when thoroughly mixed and of a proper consistency, it is ladled 
oat with an iron spoon, and is spread on the floor, of the thickness required, 
in rectangular iron moulds (which should be as thin as possible consistent 
with strength) without bottoms. These moulds having been previously- 
smeared over with a thin paste of loam, are then removed and the process 
repeated by placing them close alongside of their former position. The 
narrow joints left must be filled with hot composition, pressed in and 
smoothed over with a hot soldering iron. Ure states that boiled coal tar, 
and thoroughly dried limestone, chalk, or oven brick-dust in powder 
answer -1 equally well, but it may he doubted whether, though probably effi¬ 
cient and almost everywhere procurable at a much lower cost, any freshly 
made compositions can equal the natural cement in resisting alteration from 
extremes of heat and cold. 

The natural cement has likewise the advantage of being less inflam¬ 
mable, in consequence of the bitumen being more thoroughly amalgamated 
with the uninflammable basis of the composition than in the factitious 
cement. London, in his Encyclopedia of Cottage Architecture, gives the 
following recipe. Take IS parts mineral pitch, IS parts resin, put them 
into an iron pot to boil, taking care that it does not burn; then stir in 
60 parts of sand, 30 of small gravel, and 6 of slaked lime. These mate¬ 
rials should be thoroughly dry. Two inches is a sufficient thickness for 
ordinary floors. 

S2. The composition used in this country by Professor O'Shnughnessy 
for the protection of telegraphic rods, laid under ground, consists of 120 
parts (by weight) of pure resin (American) and SOO sand; it 1ms boon 
recommended for the fining of cisterns, and other building purposes and 
the following is Dr. 0‘Shaughnessy's description of the manner of u S i llt r 
it for coating floors, cisterhs, &c. 

The resin is melted in an iron vessel, the sand stirred in and well incor¬ 
porated with an iron stirrer, and the whole poured when of the consistence 
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of treacle. Great care must bo taken to prevent tlio resin from taking 
fire, or charring by too prolonged or too high a heat. 

The cement thus prepared may be cast into bricks or tiles, or poured on 
floors or roofs or on planked flooring, to all of which it firmly adheres. 
Joints are readily and securely made by pouring a little molted resin or 
pitch into the line of juxtaposition of the bricks or tiles, and cracks are 
filled up in the same simple way. 

A tile of this kind 12 inches square and inches thick, weighs 387 
tolas. If carefully prepared, this cement is totally impermeable to water, 
and is not affected by the fiercest solar heat. It withstands dead pressure 
better than common bricks or tiles. 

The composition is brittle, so that for roofing or flooring purposes, it is 
very much improved by slips of bamboo being inserted in it while soft. A 
very coarse Durrnah mat placed on its surface while still soft is a groat im¬ 
provement to it for flooring purposes, and if used in a thoroughfare, a thin 
layer of sand or road dust laid over it while hot will bo found to preserve 
the surface from abrasion. It need scarcely be pointed out, that notwith¬ 
standing the unquestionable and remarkable advantages derivable from the 
use of this cement, it is open to the very serious objection of being dan¬ 
gerous in cases of fire. 

The ordinmy cost of rosin is Rs. 2 per mannd. At this rnlo, not 
including the slight cost ol' fuel for melting, and the labor of preparation, 
tliis cement cost Its. 7-8 per 100 superficial feet of 1£ inches thick, and 
price of sand not included, would cost Its. 0-7-7 per mannd of 80 pounds 
avoirdupois weight. 

33. In the greater part of India timber is so expensive and so many 
causes are at work to destroy it that Wooden Floors, so common in 
England, are rarely used, except in the Hill stations. In houses of jrioro 
than one storey they are however almost indispensable for all but the rooms 
on the ground floor. The planks arc nailed to joists which rest Oil lim¬ 
bers stretching from wall to wall, which are secured to wall plates in the 
masonry, as in the case of a flat roof. 



CHAPTER XXVI. 

ROOFING.—FINISHING. 

The Construction of the fiat 'or sloping timber supports commonly used 
for roofs having been already treated of under the Section Oaiu’Entiiy, it 
remains to give further details of the Hoof Coverings employed, aiul to 
add some account of the Iron Hoofs which are now so extensively used both 
in India and England. 

24, The coverings of flat roofs are various. Ia the Punjab, one of 
the most usual cousi-ts of a course of bricks or flat tiles, or slabs of btone, 
united by lime mortar completely closing all the seams, and above tho 
bricks a layer of earth, 3 to 6 inches thick, well beaten down. This makes 
a good roof; but to ensure its being so, the earth, must be both prepared 
and applied with much care. As for brick-making, so also for roofing, it 
mu-t not be a hard stiff clay, which soon cracks in the sun’s heat, nor a 
loose sandy soil which rain will readily penetrate. A good brick-earth 
makes a good roof covering. Such roofs require frequent beating to con¬ 
solidate the layer of earth. This is termed a Kucha-Terrace roof. 

As a Led for the covering of earth, a layer of the reeds, called surhunda, 
laid down over the horizontal rafters in small bundles tightly bound anil 
closely packed, may be used instead of bricks. This is a convenient and 
economical method, the material itself being cheap, the wood also not 
requiring to be laid so close as for bricks ; and whore the clay is good, 
and the roof not liable to be attacked by white ants, it is found to answer 
well. The small twigs of a common jungle shrub, called sambhdloo or 
samdloo, are successfully employed as a substitute for surlumda, and there 
are many other straight branched shrubs and trees, as jhdo (tamarisk), and 
such like, which may be similarly used. 

23, To get nd of the chances of failure from the use of unsuitable soil, 
45 well as to avoid the unsightly defacement of the outer walls caused by 
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the discharge of muddy water from the roof after rain, the earth is often 
dispensed with, and the whole upper surface of the roof plastered. The 
prevention of leakage may be further secured and the coolness of the 
building promoted (at the expense of additional weight upon the beams) by 
a second course of the bricks or tiles laid over the joints of the lower 
course. This roof is known as a Pucka Terrace roof and its construction 
is very similar to that of the terraced floor. The room to be roofed having 
been covered with beams, of size and interval between them calculated for 
the weight to he borne, these are again covered at right angles by small 
joists or battens, called buri/ahs, usually about 3x3 inches in section. 
They are laid 12 inches apart from centre to centre, so that the bricks laid 
across them, to form the substratum of the terrace floor, may just lmtt 
against each other. 'Where flat tiles about 1 foot square and from 1 
inch to 1-| inch thick can be obtained, they are preferable to bricks, but 
two layers of them must he used, the first laid square across the burgnliH 
and the upper set breaking joint with them diagonally or otherwise, and 
with a thin joint of good mortar between them. The terrace is then laid 
over this in the same manner as in terraced floors, particular caro being 
taken that sufficient slope is given to the surface to carry off rain water 
quickly. This is generally done by an additional thickness of terrace at the 
centre, to avoid the unsightly appearance that beams laid with a slopo would 
have from the interior, but in godowns, barracks, &o., where appearnneo is 
not of such consequence, the requisite slopo should he given to tho beams 
and the terrace be made tho same thickness all over. At tho junction of 
the roof-covering with the wall, tho terrace should bo lapped ovor tho upper 
surface of the latter at least G inches : tho parapet being carried up after¬ 
wards if necessary, on the top of this. 

Three layers of tiles laid to break joint, tho upper layer being covered 
with a thin coat of plaster, well polished and oiled, forms a very durable 
flat roof, and possesses tho advantages of being more quickly made and 
lighter than a terrace-roof. 

The following is a receipt issued by Captain Glovor, to officers on tho 
Western Jumna Canals, for filling up cracks in pucka roofs to which they 
are very liable. Linseed oil (ulsee ha tel), 2 seers. Resin (clhuna or rdl), 
2 seers. Pumice stone (jhdma), 1 seer. “ Boil the oil, and then, having 
first pounded it very fine, mix tho resin well with it, and last of all the 
pumice stone, also pounded very fine. The cracks should not be disturbed 
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or dug out with the trowel, hut the liquid mixture poured in find then 
mere!} - smoothed over the surface.” 

20. To overcome the difficulty of obtaining timbers for roofs of a large 
span in this, country, many substitutes have been tried, such as the .Syrian 
and Sind tiled roofs, described in Chap. XIV. 

A new kind of roofing has aho lately been introduced, which appears 
well adapted for ordinary building purposes. This consists merely of an 
Arch of nne ring of brickwork, starting from two metal or wooden wall- 
plate-. or skew-backs built into the wall, the outward thrust being mut by 
iron tie-rod'' running from wall to wall, and securely fastened into the wall 
plate.-. Mr. W. Clark, Engineer to the Calcutta Municipal Commissioners, 
the patentee of this invention, has roofed a workshop of 40 feet spaa in 
this manner, with an arch of Gj feet ri«e, tied by double rods 1 inch in 
diameter and 7 feet 0 inches apart, at a cost of 12 annas per square foot. 
His wall plate he forms of two strips of boiler plate iron arranged thus 
one v irtically and one horizontally; the vertical one being on the 
inner side ; built into the wall so as to prevent their buckling. “ The 
ends of the tie-rods are formed into loops into which the horizontal plates 
are pa-=ed: the tie-rods pa-s through holes made in the vertical plate; 
against the latter the bricks are placed on end,* and the skcwback is so 
arranged as to bring the centre of the thrust on the edge of the horizontal 
plate, through which it is communicated to the tie-rods.” In places where 
iron plate is not obtainable the tic-rods might be bolted through an ordi¬ 
nary timber wall-plate, or through a solid stone, as has been done where 
that material is plentiful. By filling in the haunches above the arch, floors 
may he made on this principle. Arched Hoofs, with or without iron ties, 
luvc been largely u-ed in the* East India Bail way Stations, and other build¬ 
ing- in Northern India. They are durable and water-tight, hut are said to 
be hot. 

27, Sloping nr pitched roofs are generally covered with thatch or tiles, 
in this country. For Tiles, a slope of about 27° is recommended. What¬ 
ever description of riles lie used they should be bedded in mortar or cement. 
A layer of flat tiles underneath the ordinary tiles of the country will gene¬ 
rally be found to cn-ure a water-tight and comparatively cool roof, but it 
of cowr-e adds much to the weight. In all tiled roofs the eaves rccpiire to 
be very cart fully and strongly constructed, as the displacement of the eave 

* L iwa l Jitiur’3 JuLi rat, An* JrJ onC Novcmliei isth, 1S59, anil list October, 18G1. 
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tiles is otherwise a constant source of trouble and expense. Tiled roofs 
should bo protected by gable-ends to prevent wind, getting underneath 
and shaking the tiles. 

2S, Ooodwyn's Tiled Uoofintj has already been partially described in 
para. 30, Yol. L, where a drawing is given of that construction. The 
following additional details are taken from a report by the late Captain 
Sharp, Exee. Engineer, Mean Meer. 

Deodar battens, 3x2 inches are nailed on the purlins at twelve inches 
from centre to centre, on which are laid twelve-inch stpiaro tiles, two 
inches thick, well fitted, cemented at the joints, and pointed underneath ; 
a layer of good mortar about one and a half inches thick is then laid, in 
which the pan-tiles are well embedded at regulated intervals, which are 
filled up with mortar, and over them the round tiles carefully fitted and 
act. The eaves terminate in a masonry cornice, as shown in the figure, and 
the ridges are covered in with round and flat tiles, expressly made for the 
purpose; gable ends have been adopted as better suited to tins description 
of tiling; the slope of the roof 28°. After the tiles had been laid the joints 
were carefully pointed, and the roofing kept well wetted during its construc¬ 
tion, and for ten days afterwards, by means of watering pots used from the 
ridge of the building, not in a stream down the roof, but merely sufficient 
to keep the whole saturated. 


(1) Weioeit of Tiling per square foot. 


One square tile, 32 X 12 x 2 inches. 
One pan-tile, - _ 

One ronntl tile, — „ 

One and a hall' inch of mortar, — 


Total, 


15) 

(\ 

4 

12 

41 


* 

10 

l 

o 

i 

14 

1 


(2) Detail of Labor and Materials per 100 square feet 

Labor. 

Mate mason, © As. 

Masons, Jf 
Grammie, 


Bhecsties, „ 

Carpenter, „ 

Mate coolie, „ 

Coolies, „ 

Coolie, „ 

Establishment, 


5 

4 

2* 

4 

2i 

2 

U 


Total Rs., 5 2 7 


2tat anal a. 

100 Square tiles, @ Rs. 25 
110 Pnn-tilea, j 


16- 


3 TO Round tiles, 

25 Maunds of kunlurr limo, 
@ Rs. 15 per 100, - 

2J Stone lime, @ Rs. 1, _ 

Scaffolding, &c,. 


8 0 
1 0 


8 12 
2 8 
0 6 


Total Us., - 12 10 0 
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20. Atlinsou'a Til'd Roofing. —-Atkinson's pattern consists of two 
laj* rs of tilt-, the upper being Italian pantiles, laid in cement over cylin¬ 
drical tile* 

(if.; The cylindrical tiles to be 12 inches long, 4 inches external dia- 
mct.r, and half inch thick, fitting one-half inch into each other, with a 
shoulder and socket joint; a lip, to rest on the timbering, to he laised 
on at half an inch from the shoulder, two holes of half inch diameter each, 
t,, be pierced through the tile in line with the lip which is on the lower 
side of the tile. 

(b.) Tlic-c cylindrical tiles being laid close, with their axes up the 
slope of the roof, are to be covered with coarse moitar or fine concrete to 
a depth of one inch, and in this, while still wet, will he laid Italian pan¬ 
tiles. 

(c) The pantile* are to be 12 inches long and 12 inches wide over all, 
and nnt lc=s than half an inch thick. 

(if.) The mortar in which the tiles are laid is to be drawn up, so as to 
fill the cnried mil which overlaps at the reiticul joint. 

(e ) The lower edge of each pantile to oveilap 3 inches the tile below 
it. A lip to be raised on the under side of each tile to rest against the 
lower tile and prevent slipping. 

30 . Of all roofs a good Thatch is the coolest and driest. In England, 
thatch is made of nnthreshed straw or occasionally of reeds; in this country 
of long grass* laid on a frame work (jafan ) of small bamboos placed over 
the wood-work of the roof. This jafari is made on the ground, of whole 
bamboos laid in a lattice form like trellis-work, with intervals of about 6 
inches, over which split bamboos are fastened about 2 inches apart, the 
whole being tightly secured with string. Over this jafan is laid the grass 
in layers 3 inches in thickness; the first layer being generally attached 
before the jafari is placed on the roof. 

Thatch ought to be at least 0 inches thick and varies from 6 to 12 
inches, requiring a fresh coat of 3 or 4 inches in thickness every three 
years. The grass is bought in bundles called ‘poolas\ which arc broken up 

* The best grass is that which bends easily -without breaking, being -wiry and flexible. 

t A poola is a bundle generally about 5 inches in thickness, tightly bound, but there does net 
seem to be any very definite measure of its bulk. It is said to be as much as can be gi a sped by the 
two hands, separately, and weighs from eight to twelve chittackE, but the poola yin lea ro much in 
different districts that it ia well to purchase it by the 100 superficial feofc, so many inches thick. Of 
such po qUs, about 320 are required for each 100 feet. 



ATKINSON'S TfLED ROOFING 











ROOFING.-FINISHING, 


auj spread Hat between two pieces of split bamboo. The thicker or lower 
ends of the grass are dressed evenly to one line, and the grass in its posi¬ 
tion on the roof lies with these ends towards the eaves. These bundles 
are then fastened to the bamboo frame-work, beginning from the eaves 
upwards; and so overlapping each other that the small pieces of bamboo 
which keep them in position are not seen from the outside. All along 
the eaves, larger but round bundles of grass are placed, the full thick¬ 
ness of the tliatch. These like tile others have their thicker ends down¬ 
ward, and are packed as tightly as possible. The ridge of a thatched roof 
is generally bound with a roll of sirkee laid horizontally. The same is 
occasionally done under tlie eares. 

For thatched roofs, a pitch or inclination of 35° is recommended, but 
that obtained by making the rise in the centre three-quarters of the 
half breadth of the building, is found to answer wall, 
s This rule is further convenient as it facilitates tlie cal¬ 
culation of the superficial area of the roof; the breadth 
•i 4 of the sloping side—the liypothenuse of tho right- 

angled triangle—being then five-fourths of the same base or half breadth 
of the building, with the addition of whatever projection of eaves may be 
desired. 



Tlie following Specification for Thatched Roofing, as used in the Alla¬ 
habad Circle of Public Works, may be found useful:— 

* 

Grassing. The several descriptions, of grass roofs are to lit) well and closely tied, 
laid in one, two, or thiee layers according to circumstances, and in such maimer ns 
the Executive Engineer may direct. 

The quantity of grass, bamboos, and string to he used will in a measure depend on 
the description of each procurable in the market. 

. < f m ? of the ordinary size of G-urrur grass, from 100 to 150 bundles per 

inch of thickness, per 100 superficial feet of roofing, will be required, and about 20 
^ OOS (ordinary Pillibheet) and 84 seers string {dan) to each layer of the coating, 

Ihe grassing of a roof will nod be considered properly executed if it sink more 
than one-eighth of its thickness with tho weight of a man standing on it. 

V here the thickness of grassing is to exceed 8 inches when finished, it will be laid 
on in three layers. The first not exceeding one-third of the whole thickness may, if 
ordered by tlie Executive Engineer, bo of surput or Wiassa, or other reed or eonrso 
grass and it may be, in the first instance, laid loose on tho roof and tied tightly down. 

, atte “ mote than D inches asunder, the ties at not greater intervals than 
a inches The second and third coats to be always of Gurrur grass made up into tat- 
us ou ie ground ; each of thickness sufficient to form one-third of the finished coat- 
ng, e grass closely packed and tied with two battens below and two above, with ties 
St intervals not greater than 18 inches, each layer of tatties to he separately laid and' 
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tied on t-j the r>if with tits at not prenter intervals than 9 inches. The whole siir(a L . ; 
of t! •• l,io-b 1 root to lie t vt illt without ri'CS or hollows. 

Vi'h- re tin thn Kin." of gra—ing is to he km than S inches, it may he laid on in tv, j 
lave*,,; t ith ml! le of Gumir era's laid ns specified for the upper two layers above. 

Tie t in. lies art to he of the full thichne*s of the grass coating, evenly and tightly 
laid, tut on -qi.unh and in atly ami pcifeotlv straight. 

Whin: the 11 m vv.U of to)) coat has to be exicuted, the old top coat will bo entirely 
r> muud All h dhnvs will he made up evenly with fresh grass laid under the batten* 
of the 1 ovii- toot, to which new ties wherever required will be given, nnd the top coat 
of row gnt-s v.Ul then he laid un us above. 

3t. Tik" are sometimes laid over thatch. If very carefully done, and 
the lavv-r of thateli be thin, it may answer, but experience is much against 
the combinatii in; the thatch decays, the tiles subside, and the roof ceases to 
answer its purposes. It protects the thatch from fire somewhat, whilst the 
thatch so lung as it is good, ensures the tightness of the roof, a difficulty 
with tiles. 

32. A ier-ruec roof may also be laid over a truss as well as over flat 
beams, when the pitch is not too great. Purlins about 4x3 inches may 
be hud from rafter to rafter, at 1 foot apart, or they may be laid at inter¬ 
vals of 3 feet with a greater scantling, so as to support battens 12 inches 
asunder. In either case square tiles (12 inches scpiare and 1\ inch thick 
are laid in cement un the woodwork, as in the case of Goodwyn’s tiled 
roofs), and 3 inches of plaster well beaten may be laid over them instead 
of the round tilt*. This makes a light and durable roof, but it is hot and 
apt to leak. 

Lend and Zinc in sheets are sometimes employed as a covering for roofs. 
The lead weighs from four to eight pounds, and the zinc from twelve to 
twenty ounces, per superficial foot. Slate is also in use to some extent as 
a roofing material in the hills. 

33, Planking , with tarred scams, is a very common roof covering in 
the Himalayan hill stations. It requires to be made in the most careful 
manner, and of the most thoroughly seasoned wood, being exposed to very 
trying alternations of temperature, as well as of dryness and moisture, and 
exceedingly liable accordingly to warp: and crack; the inconveniences of 
which only become known when the rainy season sets in, or when the roof 
is covered with snow, at which times repairs are not easily effected. The 
planking is sometimes covered with shoot-iron, but corrugated sheet-iron, 
galvanized, might well be substituted and is daily coming into use in India 
especially fur coverings for godowns, open sheds, &c. 
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3-t. Shingles, which are rectangular pieces of plank applied m the 
same manner as slates, are likewise much employed in the hills for roofing. 
English deal packing cases, beer chests, &c., are not uncommonly cut up 
for this purpose, the wood being well seasoned, and the boxes seldom fit 
fur other uses. 

Another material used for the roof covering of hill-houses is the com¬ 
position called Oropliolite. It is made of sharp river or pit sand and 
chalk, with a admixture of litharge, all finely sifted and made into a paste 
with linseed oil. This is spread on one or both sides of any land of com¬ 
mon coarse cloth, so as to form when dry, a sheet about three-eighths of 
an inch thick. The sheets when prepared are hung up to dry, and are 
then applied in pieces of such size as may be found convenient. 

3.5. Iron Roofs. —Under the section Carpentry, various trusses were 
described of iron and timber combined. It remains to say something of 
Iron Roofs, as that material is now so much employed both for the trusses 
and the roof covering. 

Iron Girders may be used in place of beams to carry flat roofs; and 
they may be of cast or wronght-iron, though the latter are now almost 
universally employed as lighter and not liable to break suddenly, though 
more expensive. They are usually made of this shape I, the upper and 
lower flanges and web being composed of one or more thicknesses of boiler 
plate, strengthened at the corners by angle iron, the whole connected by 
rivets. Of tire strength of such girders and their requisite section to bear 
a given load, something has already been said in Arts. 196, et seep, and 
more will be said further on when we treat of the application of Girders to 
Bridges. The formulie in Art. 198, may be used in calculating their 
strength, or the following, which is more generally useful, S = ^ where 
S ~ sectional strain on centre of upper or lower flange in Ions, 

L — clear span of girder in feet. 

hV — uniformly distributed weight to be supported. 

D = depth of girder in feet. 

The safe maximum strain on the flanges is usually taken at 5 tons 
per square inch for wrought-iron, and the depth is generally made one- 
twelfth of the clear span. So that for any given load and span, the 
requisite sectional area of iron may be readily ascertained. 

For estimating the weight of such girders the practical rule is_ Ten 

tones the sectional area in inches gives the -weight in lbs. per lineal yard. 

VOL. II. 
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Wh.au lavga spans are to be covered in, the girders mny be made 
tubular as in the case of bridges. 

The superstructure of girder roofs is various. Smaller cross-girders 
or wooden beams may be used, to carry square bricks and a layer of 
beaten terrace as already described. Or suiall brick arches may be turned 
between the girders; this is a kind of roof that lias lately boon much 
employed in Upper India as very strong and durable. 

30. Sections of some roof girders lately made at the Hoorlcoc. Work¬ 
shops, are shown in the annexed Plate. 


No. I. Shon s giidcis for a roof 20 feet and 15 feet span ; the number n-quiied foi 
a room 20 x 20 feet is tiro, with four tio-iods, and four washer plates j and the total 
cost Its. 215, or Its. 0-8-0 per square toot. For a room 15 x 20 led, the same 
nuinhei of guilds and ties would be required ; the cost would ho Its. J 20, or Its, 0-li-fi 
per square foot. 

No. 2. Shoaa giulels for a room 22 feet span, three giidcis amt tie-toils mo re¬ 
quisite for a room 22 x 22 feet, and cost Its. 3Jt, or Us. 0-11-0J pet ‘■quiu'v tool, 
The verandah giulets aie placed G feet apiut, nncl cost per square font id room 
covered Ea. 0-9-G The gilders iu fh.au mgs, Nos. 1 and 2, me intended to have In ak 
arches between them, spunging fiom the lower flanges 
No. 3. Ia fully explained by the diffetont sections shown, the tiqi flange auppiati 
a heavy buck aich, and to tho bottom flange a coiling of .'Wiich aid plunking is at¬ 
tached. The total cost ia Es. 7,000, cn Us. 2-10-5 per squavo font. 


37. Iron Trusses are usually made of single or double angle-iron, 
the various parts being bolted together and rod-iron being off on snlisli- 
tuted in the suspending pieces. Purlins of angle-iron or timber pnrliim 
are usually bolted to tho rafters, on which a covering of Tiles, Tcrruoo 
&c., may bo kid in the usual manner. Ooriugated Iron is also much 
employed in such roofs, but it is too hot for buildings unless laid over 
some good non-conductor of heat, such as planking or full,, mul both those 
are perishable ; for stores, workshops, &c,, it is however excellent. 

The strength of the several parts of an iron truss may bo calculated 
in the same way as has already been explained for wooden trusses, using 

of course the proper co-efficients for non whether in compression in¬ 
tension. 


38. Some drawings are here given of Trusses lately made up in the 
Koorkee Workshops. 

No. 4; Shows a corrugated galvanized iron roof on wrong!, t-iron principals the 
area of the room that !t covers i, 1,260 square foot, and the cost fixed, 1M l S C 0 
1 rupee per square foot. ‘" ul > na. i,<H,ll, <n 
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No.fi. Is design tluit- was got out foe Cnmil chowkios ; it wns circulated amongtf 
the Caiml Officers, and resulted in orders boing given fur the iron work ot two eliow- 
kies. For the roof of a room 20 feet square, ilueo principals nic repaired ; whie.li, at 
Es 28 cadi, iH Us. 8-1, or 8 mums Kl'piu per si|imre, foot, 

'No, 0. "Was got out for tlio roof of tlic Scientific Hull, AUyghur, Tho piico of 
each principal is Its. 81), and tlui eosl for n building 20 x 00 feet would tic nt tlio into 
of 6 annns 4-8 pio per .S(|imro CooL j if llio imglo iron purlins urn used, I ho cost of them 
and tlio principals would lie, nt tlio ride of It mums 7 pio per Hiplnro foot. 

39 , Annexed is a plan showing details of llio roof of llio now Custom- 
house at Rangoon: tlio calculations for strength and weight aro givon, as 
a useful oxaniplc. 

Columns for Upper Story to support Hoof 

Weight of Iloof .—Boariug beams 1 xll'x 1 X <10-01 = 011107 

Cross do., 2 y 10' x —, * — X 40-01 = llflfi-41 
) v .1 1510.71 

Joints, 18 X tij X - X 40-01 «— 1,486-U) 

Terracing mid Hat tiles 11 x 10 X 06 s= 7,in0'0() 

Tola) dead weight on (inch column, 8,686-10 lbn, 
Lot W ss breaking weight for long columns by Tlodgkinwin's formula ss 44-34 

ip3'0 

- --, B being external diameter = 4. inches, d infernal diamelor ss !l inches, 

4 * * fpwi 

L tlio length = 1C foot. In tills Case 4 i'!14 -=: -1 2- 11 j alao 0 sa crushing 

forco of iron (44 tons) x sectional area of eoiinmm ss 0-78(14 x (4* — l) 9 ) x 4-t = 

241-9 ; tlion the actual breaking weight for short columns ss - = 45-C7 tons, 

W } (I 

whieh taldng llio faetor of safety ns 4, given tlio working load ss — H-lH tons, 
or 26,401 lbs. j thus giving an excess of slrenglh sufficient for all coaliiigcneles, 

Columns far Lower Story, to support flooring, with weight of Columns and Hoof 

above, 

17 V 10 

floor ,—Bearing beam 11 x ■— — X ‘iO'fil ss 000-28 

Cross do,, 2 x 10 x —X dC'Cl ss 767'4l 

Joists, 18 X fij X X 40-01 ss 70P-0C 2,181-76 

Wciglit of tiles mid mortar, - 7,1/30-00 

„ of goods 11 x 10 x 400, - 44,000-00 

„ ot columns of upper story, - 000-00 

„ of roof and cneh column, - 8 ,fi 8 fi -10 

Total (lend weight on each column, - 82,480-04 lb*. 

Lot W = breaking weight of long columns = 44-84 — T v,— - 284-06 tons 

W* 7 1 

where D = external diamotcr ss 7 inches, and d intonml diamelor of column as 61 
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inches, L = length in feet = 15 , also c = mushing lento of non x seilioiml men 
of column =: 44 x 0 7S54 x [7 J — (5£) ! ] = 047 Do ; then mushing uughl Ioi 
W c 

short column = — — 23!) tons 

W + i c 

2"',) 

Taking the fnctoi of safety as 4, this will give u safe winking lotul of ^ = Ut) 7fi 
tons, or 133,810 lbs. j which will be sufficiently strong foi all contingencies 

fftrdcrs and Columns for Shed of Custom-House —Tho columns fti 0 to be 1C feel 
long, placed at intervals of 20 feet apait, each suppoihng foui tmeses with loof (.own¬ 
ing and one girder of weight estimated "below.— 

Weight or Gntnrais. 



feet 

Us. por loot. 

Ihn, 

Baftcrs, 

40 

8 25 

330 

Struts, 

20 

5 00 

100 

Ptulins, 

80 

2 50 

200 

Tie-rod, 

37 

3 32 

123 

King-bolt, 

0 5 

2 00 

13 

Queen „ 

05 

1 00 

or. 

Eidge, 

5 

4 00 

20 

„ plate, 

5 

12 Of) 

«() 

Tiles, 

5 X 40 

1-50 

300 

Gutter, 

B 

27 04 

138-2 


Total weight of truss mid covoimg, 
Total weight on each gilder 1,200-7 x !1 
leaving the pressure of tho wind out of consideration, aa tho roof 
buildings. 


= l,2f)0‘7 
= 11,.372-1 
IB pro Lotted by Ilia 


Let W = broaking weight of girder 

L = distance between points of auppoit, 

D — whole depth, 

“ — n lower flange, - 
B = breadth of „ . 

h = thickness of woh and rib, ... 

tfcenw = J ^^H = 11 . 7nali ; 


= 20 foot. 

= 10 inehoN. 



Th« gives a safe working load of ^ = 3 08 tons, or 8,2.18 Jfca „ to moot a dead 

Irrnrth cU3tribate<1 at th ™> thus giving an excess of 

ength sufficient to meet any occasional pressure from wind, &c. ® 

Weight or Columns. 


Each TOlnmn supports four tresses with roof 
Weight of 4 trusses = 4 x 1,290 7 
Weight of girder (estimated at), - 


coroiing, and 


weight of girdoi, 

= 8 , 102-8 

1,708 


Columns are 15 feet long, 4 inches extern,,! „ . , . 0,080-8 lh», 

by preriou, ..I,,).,;,,, s , (J - 3 ,nch “° ’ ntor ™l .linmoier, .vlml, 

—* «»s <»« 



Span _____ 3-7 BtUiil of Iron ffbr/z 
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40. Tlio walla of tlm building having been creeled mid roofed in, tlio 
interior plastered, and painted, colored or papeied, find the Homing Inning 
been laid down, il only remains to desuibo I ho details of linisbing it, bo 
that it may be fit for lusulenee. 

Verandahs are generally considered indispensable in all Indian bouses 
built in the plains; they proleet intieli of the main walls from the direct 
rays of tlio sun, and shade tlio doom and windows from his glare, whilo 
giving a pleasant lounge in niiuy weather. They may ho from 0 to 
12 feet wide, 8 to 12 feet high inside, and with a Hat or sloping roof 
supported on niohoil openings or pillars and areliilraves. Their Horns 
should bo raised lo the same level as that of the rooms, and stops provided 
outside. Much of the appoarnneo of a iiousc depends on (ho style of (lm 
verandah. 

41. Doors and Windows .—Doom in Indian bouses are goinually made 
double, so as to occupy less space when open: tiny may he pnnuollcd or 
gla/.od—or part pminollctl and purt glazed—they vary in size from 0 X 15 
feet to 8 X 5 feet in the clear, ami arc hung on choul'uts or door frames 
built into tlio masonry. When more light is wanted, rectangular or semi¬ 
circular fan-lights limy bo fitted over them. For (he external openings, 
Vonelian doom may bo added on the outsido lo keep off the glare and admit 
tlio breeze. Doom may bo painted whilo, or slaiucd and varnished 
Brass bingos anil fastenings are a great improvement to (heir appoarnneo, 
anil the employment of colored glass has a good offoel, 

Windows nro gonornlly made lilco doors, the, sash arrangement being 
seldom soon except in houses in tlio hill stations. Upper windows aro 
usually provided for ventilation, movcablo on a central pivot, ho as to ho 
opened by a cord from below; they bliould have mm-almdcH outside, of 
wood or iron. 

42. Tho roof timbers of a fiat roof aro generally left exposed in caso 
of attack by insects, and if stained and van\isi uni, or painted, loolt well 
enough. Tho timbois of a pitched roof are generally covered by a Coilinq 
cloth, which should bo carofnlly atrotohoil on a frame, made in pieces, and 
securely nailed lo tho wall plates on tho top of tho cornico, and tho bot¬ 
tom of the king-posts of tho Irussos. 

43. Tlio construction of chimneys lias boon treated of above. As 
wood is used as fuel instead of coal in the Fireplaces, the iron grate may 
be dispensed with, and a small platform of masonry substituted, with a per- 
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forated iron plate to give a draught. The chimney-piece must be left to 
the taste and fancy of the architect, but the sides of the fireplace should 
be splayed out more than usual, iu the colder provinces, to throw out the 
heat. 

44r, Punkahs may bo hung from strong iron hoolis screwed into ono 
or more of the beams supporting a flat roof, or they may be suspended 
from the tie-beams in the case of a trussed roof; the framework should not 
he more tlian 18 inches wide, with a deep heavy fringe, and may be orna¬ 
mented at pleasure. Sometimes a bar of carved heavy wood taken the 
place of the ordinary rectangular frame of wood and canvas. With brass 
rings and thin colored cord, with the framework tastefully painted, and tho 
fringe prettily edged and of good material, punkahs may be made orna¬ 
mental to a room, instead of being the unsightly excrescences they gene¬ 
rally are. 

A design for a drawing-room interior is given in the Plate. 


































CHAPTER XXVII. 

DESIGNING. 

45. In designing a building, the first thing to be thought of, and one 
•which should not be lost sight of throughout, is the object or objects it is 
to serve and all the requisites of strength, convenience, beauty and econo¬ 
my for the attainment thereof. By beauty is not to bo understood the 
mere presence of ornament. A building utterly devoid of ornament may 
possess great beauty architecturally, from the perfection of its proportions 
generally, the variety of outline resulting from the projection of some of its 
parts and the difference of relief, i. a., height., given to them, and its ap¬ 
pearance of harmony with tire use it is intended for; on the othor hand, 
pretentious buildings, introducing columns, with elaborate entablatures and 
a multiplicity of mouldings, each good in and by itself, may bo utterly de¬ 
void of all architectural beauty. 

40. A very essential point to be attended to is Ventilation; ’tho air 
entering by the doors should be able to escape by moans of apertures in 
the roof, so that the whole of the air within tho apartment may bo fre¬ 
quently changed; and light should be admitted from abovo. It must bo 
admitted however that the proper method of ventilating and cooling 
buildings in a tropical climate is not yet well understood. Tho ordinary 
rules for ventilation aro often inapplicable in India owing to tho extreme 
heat of the external atmosphere, which renders it necessary to exclude 
it entirely during tho day, unloss previously cooled by some artificial 
process. The ordinary method of doing, this is by moans of tatties or 
grass screens, placed in the doorways to windward and kept constantly 
wetted. This method is however evidently efficacious only when a strong 
breeze is Wowing, and when the wind is dry and hot; when the air is moist 
and stagnant, the latter ceases to act, and it is necessary to create a current 
by artificial means, such as a thennantidoie, or other speoies of blowor; and 
in general the air inside the house is cooled temporarily by agitating it with 
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punkahs, which however evidently serve no purpose of ventilation anil do 
not even really lower the temperature. To secure a thorough draught 
through the rooms, numerous doors or windows arc provided, and opposite 
to each other, and this answers well when a sea-breeno is blowing part of 
the day, or in ordinary cases when the external atmosphere is tolerably 
cool, at least at night. But more than this will he needed when fho air 
is hot and stifling. The floor of the room should bo raised and fines 
provided underneath through which cool air can bo forced by machinery 
and admitted through minute perforations in tlio floor, and the foul air 
carried away through a perforated cornice above, or by ventilators in the 
roof. 

47. Another point to be considered is the nspect of the building with 
reference to prevailing winds, use of tatties, topographical peculiarities of 
the neighbourhood, &c. In Upper India the long sides ol' barracks are 
generally made to face the west and east, so that one of those may ho 
exposed to the westerly wind; as however a house whoso long sides fnco 1,1 is 
north and south is most sheltered from tho sun, it is boat so placed when 
westerly winds are not prevalent. This point determined, tho ont-oJ'fieos 
must be distributed conveniently, yet so as not to interfere with tho object 
sought in the first instance. 

48. In dwelling houses, the habits and wants of tho occupants must 
all be carefully considered; but these are so infinitely various that tho 
young architect can be hero only cautioned not to noglect them whenever 
called upon to prepare a design. Every kind of fitting, especially such as 
have reference to lighting, warming, ventilating or cooling tho rooms, 
should ho determined upon beforehand. The nature of tho materials will 
next be considered as regulating the thickness of tho walls; the relative 
position of the various rooms will, with reference to oconomy hnvo to ho 
regulated by the ease or otherwise with which they can be roofed, except in 
flat roofed buildings, wherein each room is roofed independently of tho rost, 
and in such houses convenience can chiefly be studied, economy providing 
for as many partition walls as possible, which can ho thinner than thoso 
supporting the beams of the roofs. 

49. One of the first points to be determined in framing tho design of a 
house, barrack, or other dwelling, will be whether the building is to consist 
of more than one storey or not. In Northern India, Upper Storied Houses 
are rare, chiefly because the ground is of little value and rooms arranged on 
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one floor are more convenient, whilst the building itself is less expensive; 
but where ground is valuable, as in the Presidency towns, upper storied 
houses are common, and there is no doubt that rooms on an upper floor 
are far more healthy as dormitories. Indeed, in damp climates, such as 
Bengal or Burmah, they should he regarded as indispensable. The spe¬ 
cial points to be attended to in designing an upper storied building arc—■ 
1st, That the foundations are strong enough to carry the weight of the 
building; 2nd, That, the masonry of the walls is good and well bonded, 
and gradually diminished in thickness upwards, according to the number 
of the stories; 3rd, That duo provision is made for the ventilation of the 
lower rooms; 4tli, That convenient staircases are provided for ascent into 
the upper stories. 

SO, Every kind of building whether public or private will of course 
have to he designed according to the specitic purpose for which it is in - 
tended; and so numerous arc those, purposes that it would be obviously 
impossible to enumerate or even classify them; a few hints may however 
be acceptable for the most common kind of buildings which the young 
Engineer in India may be called upon to design. 

Private houses .—If on two stories, tlio sitting rooms should be arranged 
below, the bod rooms above ; an entrance ball is a convenient arrangement 
in a largo house, from which the principal sinireaso will ascend into the 
upper storey. The size of the rooms will bo affected by various considera¬ 
tions, and their proportions also. For a drawing-room or library, if the 
length is half as much again as the breadth, and the height tlio same ns 
the breadth, the effect will he harmonious ; a dining room may ho longer 
in proportion. Recesses may bo provided in the walls of rooms for book¬ 
cases, for cupboards, or as niches for lamp) or statuary, as the case may be ; 
but sufficient wall space should ho left for pictures. 

Bow-rooms aro generally admired and are often convenient, but all 
curved walls aro more expensive than straight ones, as involving cutting 
and shaping of bricks. Bod-rooms should have dressing and bath-rooms 
conveniently provided, and the doors and windows carefully arranged ns to 
position, so as to seeuro privacy. 

Barracks .—Further on are given the latest approved designs for 
these buildings. Those hitherto constructed have generally consisted 
of a series of large wards, in which tlio cots are arranged against the 
walls on each side, with tables down the middle. Where double verandahs 

*' 
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are provided, as in the Punjab Barracks, the inner ones are used aa dining 
rooms. The new arrangement, however, by which the Jiving rooms ami 
bed rooms arc separate, is in every way superior, though doubllchs more 
expensive. 

Churches.— Axe usually built with a nave and aisles, and a chancel at 
the east end, when the ground plan would be a simple rectangular paral¬ 
lelogram ; or the plan may be made cruciform by the addition of north and 
south transepts. The proportions and sizes of those will vary according 
to the number to be accomodated and the taste of tiro architeol, and the 
additions of tower, porch, &c., must also he left io the architect mid (ho 
sum he has at command. So many excellent specimens of (lolliie chur¬ 
ches, both large and small, have been erected in late years, that tho young 
architect can have no excuse for designing tho hideous abominations 
which used to be so common in this country, As a general rule, the Go¬ 
vernment in this country defrays the cost of the move building ilwlf, all 
additions and ornamentations being paid for by subscription, and the 
architect should design his structure accordingly, so that, gradually it may 
be made a structure worthy of a Christian congregation, Duo nil tuition 
must also be paid in Ms Gothic design for tho rorpiiromonts of tho climate. 
Verandahs will generally be wanted to protect tho walls from (ho direct 
rays of the sun, more openings for fresh air than are demanded in a 
cooler country, and apertures above for ventilation, The provision of 
all these in harmony with architectural reepuiremants, will always prevent 
a more slavish copying of a European design. 

51 , As a commentary on the foregoing arc appended a few fair ex¬ 
amples of Indian buildings erected or designed, chiefly extracted from the 
Professional Papers on Indian Engineering. 

Nowsheru Barracks, Punjab —Each barrack accommodates one company, and con¬ 
sists of two wings connected by a passage 30 feet long, 

In each wing there are four maiu rooms, 42 x 21 feet, witli a reading-room or 
workshop, 26 x 16 feet, at one end; and four rooms 22 x W fait, for Ik iieeominn- 
dation of the Sergeants at the other end. The inner enclosed verandah is 12 feet 
wide with double doors. The onto verandah is open, 10 foot wide, tho nrelwaj'S 
being 8 feet span. 

The main walls aro 23 feet in height from the level of tho floor to tiro lop of 
the stone templet, which receives the shoe of the iron trussed frames of tho main 
roof. The mol is on a pitch of thirty degrees, and is formed of large Grecian tiles 
«et in mortal', over 12 inch square bricks, 2 iuchcs thick. 

The walls of the inner verandah are 16 feet high from the level of tho Hoot to 
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(lie bottom of Ike iron beams. f riio roof is flat, formed by arching from beam to beam, 
the underside being plastered, and the upper covered with one inch fine terrace, the 
fipanrtrily being filled in level. 

Tlio walla of llio outer verandah nra 12 feet 0 inches high. The roof being flat 
pit civ a terrace, supported on deodar hurries, scan fling hx^l inches, placed 9 inches 
apart. 

The masonry of the foundation mid plinth in of slate stone and mortar, the latter 
howug equal proportions (by measurement) of stone lime, HoorUiee, and river sand. 

The masonry of the superstructure is throughout of burnt brick and lime cement, 
in proportions as abo> e. 

The whole of the interior of the buildings is plastered with sand plaster, having 
unshed aund and lime, in equal proportions (by mrnsuimient). 

The exterior of the whole building is pointed, with exception of the cornices, which 
are plastered with a cement formed oi lime and Koorkhcc, in equal propoi Linns, well 
beaten and consolidated j 2 feet at the hot lorn of the outer walls and the outer faro 
of the plinth arc plastered similarly to the cornices. 

The whole of the flooring in founed of slate slaby set in mortar, over two courses 
of bricks hud flat, earth being first ill led in and rammed to obtain the neccsNiuy 
height. 

The whole of the doors are pinmollcd, the frames being 2 inches thick, the win¬ 
dows, where practicable, are hung on the centre so as to open when required, 

The punkfttlH are hung from iron voiIh at a height of 15 feet from Iho floor, JFor 
the purpose of ventilation the ridge of the main roof is perforated along its entire 
length, and in the Inner verandah the iron tubular brums are left open at the extremi¬ 
ties td admit a current of air Ihvongh them into tlm building. 

Estimated cost - , exclusive of iron woih, 11s. 72,417. 

New ShtHdat'd Damtcls .— Plana arc given of llio Mandaril barracks 
lately approved of by Oovcnuncul for Iduropoan troops in this country, and 
the following arc the decisions in rived at by the (iomiimcut of India, on 
the most important points connected with their construction anil arrange¬ 
ment. 

The Government of India is of opinion that, if the genoral rules mid principles to 
ho observed in barrack construction he laid down, and if specimen pinna suiUiblu for 
different localities ho provided, the preparation of designs for particular barracks 
may he properly left to the local oJllmu 

For a Kegimont of Infantry, half company barracks should bo provided us the rulo? 
bat lmiracks for whole companies arc admissible when convenience requires tlicir 
adoption, ns in a fort. Anything in excess of whole company barracks should only 
bo resorted to when they arc indispensable. 

For a HegimcnL of Cavalry, barracks, each auflleicntly largo for n troop, should bo 
adopted. 

For a Light Field Battery of Artillery there should be three lmmicka, one for each 
division. 

For a Garrison 'Battery of ArliUciy there may lie ono or two barracks n«, from 
local circumstances, may bo found most* convenient. 

By the above arrangements the numbers that will be collected under one roof will 
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i -, ii, lilt L.i-c of the Infantry and Aitillciv, about 44 men, and in the utse ot Llic 
tamlm about lit men 

A-t"> tin numkro. Ifuouis, tout should be provided for u Company of Iufimtijr 
;i.J 5 J-. r.» in- fur b Batten of Light Field Artillery. Three rooms me sufficient for 
a Ti > >j> of Civnlrv , tin ee rooms should also suffice for a (4unison Otniipimy <»(. Ai- 
tilkiv. cVtpt where two bnrraihs are provided, in which case there .should be two 
mom- .i! i lib laiuih, or in all four for the whole Company. 

The pe l-e proportion of single men per Company, Troop, or ilutlciy, to |,e 
[ no i h 1 tor has not y ct been definitely decided ; hut the number of men to be placed 
m t ah room auoidmg to the above arrangement, will novel be lehS than l(j or moio 
thru ’.'4. 

I. ! . .rii : barrack-, in whirh the upper horn a only arc used ns donnitorica, and 

tl.i Inner ones a* day-iooms and for auxiliary purposes, should he adopted, as a rule 
in ail inita of Inil,a. 

In places where ground is restricted owing to any cause, tlnec-storiad buildings may 
le adopted, the two upper floors being used as dormitories. 

In Forts or other places where the efficient ventilation of the lower floor is olistruct- 
«d (U the immediate proximity of a rampart or a lull-side for instance), this flour 
•hmld not he otrupitd by daelling-uioms. 

In Hill Strtr<ais it is not obligatory to provide upper-stories, hut when cirenm- 
cLimes render it eomeuient to adopt buildings of more than ouo stuiy in height, there 
is no sanitary objection to the occupation of the lower, as well as ol the upper flouts 
as derrtmtiniis. 


It hxs been derided in a general way, that one-lmlf of the apace shall be sot 
for dav-runms for tire men, one-fourth of the space ns an opon nremle, ami one-fomth 
for auxiliary purposes such as Store-room, Sergeants’ Mess, Hegimental Library 
Ileereation Boom, &e., &c. 

It should be understood that ont-ofSccs, such as privies, cook-rooms, &c., dir 
not fall under the category of auxiliary, but under that of subsidiary accommod¬ 
ation. 

The space in banack dormitories should ho as follows 

In the Plains— 

"i running feet of wall space per man. 

£«l supeifiunl feet per man. 

Width of waul 24 feet. 

Height of muds in both floors to wall plate, 20 fort. 

This would give 1,&00 cubic feet per man. 

In Hill Stations— 

7 running feet of wall space per man, 

77 superficial feet per man. 

Width of ward 22 feet. 


" l “ th fl °° rS 16 10 ]8 fMt> Hre0, '' lin,; i, ‘ ti * 

T t7“f Si ' eiDfte0,,eraSe 1,232 a,M ’ iu ,,lc cubic feet 

pci man. 

hrffi“”vS-' b0nldbCbtriC ° rattendCd ‘° in -g'-l*o the arrangement of 
That there shall be only two rows of beds in a ward ; that no bed shall be placed 
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;o unsightly iii Churches, will thus probably be obviated. The ruin width bonis 
tillo ii 11 1 1 file outer nrelies only, will lull on tlio floor o! the arcade, nud bo eanied 
uwnv Milonoh the down pipes. Small openings to net ns a onlilntors have been placed 
in the }'.issuers of tlio ground floor, and lighl is nlso udmitled through tile deeply 
recessed window’s at the east anil west ends, and in the transepts. 

Estimated cost, Rs. 1,51,181. 

Attock Church , Punjab —The design is for a Church calculated lo 
seat 250 persons. 

Specification. —The building to consist o£ a Nave (l(i' 22') with noitli Transept 

(21' x 12') and side Aisles, nnd a Chancel (Cl' X 14 ). 

A Tower (10' X 10' internally), and lising Lo a lolal height of 71 feel, is placed on 
the east of the transept, at Ihe angle lormcd In it with llic ua\u, and this with a porch 
(11' X O') opposite to it, completes the design. 

The ground-flom of the tower is appropiiatod to the Vestry, and Hie lirsr stoicy can 
seme, if leipuicd, as an Organ lott, since it opens into the nave, and can he approach¬ 
ed by the steps and staircase on the north lace of tlio Lower, without going tiunngh 
the lower apaitnient. 

The masonry , lor the most part, to lie of loiigh-dicsscd stone of the ho,si desert pi ion 
to be found in the neighbourhood, brick being used only in the columns of the Nave, 
the aieh mouldings, and such other portions of the, structure ns may seem in piocess of 
contraction advisable. "All external and exposed work to ho carefully finished, and 
plaster to bo given to the interior only. 

Tlio Jloormy to he of tiles (!) X 0 indies) red and gray laid diagonally oier ltrielt- 
on-edge, the upper floors of the Tower to be IJ-mcli planking over joints !) x 6 
inches. 

The roof of the Nave, Charnel, and Transept, lo consist of tiles (or shingles) over 
planking, otor raftcis and pmlins vesting on substantial busses, placed 1 I,) fid, apuil, 
flora centre to centre, con (.'spending lo the pillnis of the lime ; one Iruss ol Ihe siumi 
pattern being given to the transept and dialled, respectively. The roof covering of 
the side Anles to he similar to that of the nave, lmt with Hying arches springing I ring 
the aisle walls in place of trusses. The pitch of the nave, trnusepL, and chancel roof 
to he 51°, mid of the side aisles 21°. 

The Tower to he. covered by a timber frame-work, sheeted with zinc, mid terminat¬ 
ing' with an iion fiuinl, with a standard at each angle ; one being' a lightning conduc¬ 
tor, nnd having a greater elevation than the rent. Tlio rod should pass to the ground 
in the angle formed by the two buttresses at the south-east corner of the tower. 

The doors to he battened, with massive ornamental hinges, nnd hung \ no chowkuts 
being used. 

The windows to bo glazed diagonally, and stained glass to he introduced if funds 
allow, giving the preference to the cast nnd then to the west window. 

Sittings (of stained deodar) to be provided for 250 persons, tlio benches being so 
arranged as to occupy the whole of the nave, the north and south aisles funning the 
means of ingress and exit. The remainder of til a fittings, comprising pulpit, rending 
desk, and chancel rail, to he of sissoo or wulnut wood. 

The punkahs to consist of deep and full fringes, weighted with lead, and attached to 
ornamental bars of sissoo, suspended from tho iron ties of thu roof-trusses, 

The/«»f to be of stone, carved at Delhi. 
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mint Class Hallway Station, E. I. H .~Of brick throughout, pointed 
externally, and plastered inside. The roofs of tiling or pucka terrace, on 
kroner tni''CS, nr of brick arches with iron tic-roda. 

European Hospital, Bombay .—The preraiated design here given is a 
good example of the superior Architecture now coming into rogue wherever 
the money can he afforded for a higher style of building. 

Tie ITo-pital is designed in the Gothic style of Architecture, which the author be¬ 
lieves. to he the <*tvluof all others best suited to the lequncments of a tropical country. 
In the present design, that typo of Gothic worked out in the South of Europe ill 
the middle apes has been preferied to the moie Northern type, the architectural re¬ 
quirements of India being more nearly allied to those of Italy than of England; 
various modifications of thio style now univeisally adopted to meet modern necessities 
fciav e been mafic. 

'the Hospital is 4SG feet in extreme length, and 14G£ feet breadth at the cenfcie, the 
projecting end. terminations are GS1 feet m breadth, the ordinary breadth of the build¬ 
ing being feet. The building is entered at the centie ou both East ami West fa¬ 
cades through covered carriage Porches, that on the West carrying above a small 
Chapel. An open Arcade leads from the poitico stojis into a large Octagon Hall, in 
w bich are placed two flights of staiis com cniently situated for fchoao entciing the build¬ 
ing from opposite sides. The two flights aie carried up to the upper floor of the build¬ 
ing and they are lighted from above by four rose Windows. To increase this mode¬ 
rate light to a strong one and to add to the vertical ventilation of the building, ns well 
«s to produce a feature giving by its external appearance a unity of effect to the whole, 
which otherwise from its* enormous size would he wanting in that unity, n. lofty octa¬ 
gonal Lantern has been designed as the crowning member of the composition. 

The urinaries, though included in the main building are completely cut oil’ from the 
wards. Lofty openings slightly screened by shafts and simple tracery admit of a very 
thorough ventilation. 

The building was intended to be constructed of Coorla rubble, a reddish imp, the 
nrch rings being formed of alternate stones of Porcbunder (whitish lime-stone) aud blue 
basalt, ihe roof to be of iron, well ventilated, with numerous Homer windows above 
the ceilings fitted with louvers. 

Estimated cost, Rs. 3,7U,995. 
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C II A I> T E R XX.VJ 11. 

SPECIFICATION AND ESTIMATE. 

53. The design being doteiniincd upon, tlic noxl step is to draw a 
ground plan at (lus floor level, with vertical sections, showing every dimen¬ 
sion requisite for tlio calculation in full, of tlio cubic, supcifioial, and lineal 
measurement, of eveiy pait of tlic building, besides these, working plans 
on a larger scale must ho given showing tlic roof trusses, mouldings of 
cornices, framing of doors and every detail, especially those which cannot, 
be accurately described by words in the specification, which is now to be 
made out. 

53. The Specification is a deseiiption of tlio work to be erected, which, 
with the assistance of the plans, shall bo sufficient to deleiniine precisely 
beforehand everything to the minutest paitieular to bo done by the builder, 
and this more especially if the builder is a contractor also, as otherwise no 
honest contractor is likely to undertake it; if the specification is not pre¬ 
cise, more may ho expected from him than lie is able to perform for the 
sum at which he oifois to do it; or he may take advanfago of this want of 
precision, to give iufeiior work within the letter of his bond. 

The more minute a specification, the more fit it is to be tlio sub¬ 
ject of n contract, and the better guide it is to a builder whose bond Jide 
expenditure is guaranteed to him with either a percentage on outlay, a 
salary whilst employed, or a fixed sum for supciintendeiicc of the work on 
its completion. 

A specification should state the nature of the materials to be used in 
every part of the building ; for instance, the kind of buck or stone to 
be used in the foundation, the particular kind and the proportions of lime 
and sand or soorldieo in the mortar; tlio same of the plinth and superstrue- 
tuie ; the nature of the plaster, varying perhaps in different piaifs of the 
building; of the floors in each room, the ceiling, roof, doors, in short 
von. it. a 
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eT ery item of work must be accurately described as to ils quality and 
situation; the quantities have next to be ascertained, and tins is wlmt is 
commonly called Estimating. 

34, Estimating , consists in measuring correctly the whole of the work 
to be'done in a building, keeping every kind of work separate, and then 
calculating from these measurements, the quantities in cubic, superficial 
or lineal feet of each, according to its naliirc. Then, having ascertained, 
either by experiments carefully conducted, or from previous experience care¬ 
fully recorded in a tabular form, the quantities of every hind ol material 
used and expended in some fixed quantity, generally TOO feet of each kind 
of work, the quantities required for the whole building me then calculated, 
and the price of each being ascertained, the probable cost of the building, 
barring accident and changes in the price of materials and labor, becomes 
known. 

In taking out quantities for an estimate, it is convenient to follow soma 
fixed rules in order to prevent omission; for instance' to begin with the 
walls of the foundations, then the plinth, then of each story separately. 

In buildings which are uniform in plan, the different parts can bo snft'i- 
ciently described in words, as, outer long walls, main long walls, par¬ 
tition walls in verandahs, &c.; in buildings whoso plan is intricate this 
would not be sufficient, and a horizontal section of oaclr story must bo 
given, and each wall marked with distinguishing letters—thus, walls, a, l, 
c, x, y , &c. 

Walls having the same thickness and height should bo set down in se¬ 
quence, so that their lengths being added together, their sum multiplied 
by their common thickness and height, gives the cubic measure of tiro 
whole. 

To prevent the calculation being too laborious, it is not usual to mea¬ 
sure Masonry more minutely than to the nearest quarter of a foot, cud 
Eplayei jambs, &c., are calculated as square, the largest dimension being 
taken, to compensate for the extra labor of cutting tlio bricks to gauge; 
and other such like arbitrary rules aro followed, which can only in the 
first instance be left to the judgment of the estimator, and afterwards to 
the practice of the Department, on which the revision of tlio estimate 
devolves. 

The value of Wood-work in India will generally bo in direct pro¬ 
portion to the scantling; the extra labor in sawing up small scantlings 
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being made up for, by the fact, that timber of the huger scantlings costs 
more in handling and putting up, and is more difficult to get without 
flaw. Very small scantlings which can be cut out of side slabs, sawn off 
from round timber to reduce it to a rectangular form, are generally 
cheap. 

In Roofs, the timber should always be calculated separately in cubic 
feet from the superficial covering—bolts and straps in trusses should be 
enumerated and their weight ascertained. In heavy trusses allowance must 
be made for the cost of setting them up, as they cost a good deal more 
in moving and handling than untrussed and lighter timber. 

55. The first object of an estimate is that the person directing the con¬ 
struction of a building, should know beforehand what it will cost; and 
if the estimate is greater than the sum available for its construction, in 
what particulars its cost may be reduced, either by retrenching its extent 
or changing the nature of the materials to be used in its construction. 

After the estimate for a work lias been sanctioned, the person on whom 
devolves the duty of constructing it, should know the quantity of materials 
required, and average number of workpeople of oaoli sort that will have 
to be employed; knowing' this, it will be liis duty to take care that the 
workpeople are properly apportioned to each kind of work, that an average 
quantity of work shall under ordinary circumstances ho exacted from them, 
and that they are never delayed by materials not being always on tho work 
and at hand. 

A daily record of expenditure being subsequently kept under head¬ 
ings copied from the details which appear in the estimate, the differen¬ 
ces which may occur between the estimate and real cost can bo assigned 
to their right places, and their true causes traced for future guidance, and 
thus the estimates and accounts become a check on each other. In order 
to their being so, it is evident that every heading in the estimate must cor¬ 
respond with a similar heading in the accounts. 

By frequent measurement of tho work and comparison with tho quan¬ 
tities of each kind, which ought to be performed by tire moil employed, 
the overseer will bo able to cheek idleness; if practicable, tho workpeoplo 
should be paid at fixed intervals, and their work measured before each 
payment. 

The estimate will likewise enable the Engineer to calculate how long his 
work is likely to take according to the number of workpeople employed, 
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which la regulated, either by the number procurable, by the extent of tlia 
u-orlc which allow- only a certain number to be spread over it without inter¬ 
ference with each otlioi, or by the means of making airangementfa for tlieir 
bring piovidtd with mateiials; he will also be able to appoikou the right 
number of woikpeople of each kind, taking care to "watch this apportion¬ 
ment, to judge whether peculiar circumstances may not lender it inappro¬ 
priate, and whether some better proportion many not be devised. 

Forethought will especially be requisite as regards woodwork and fit¬ 
tings, that they shall he ready beforehand so as not to delay the brick¬ 
layer-, ; abo that scaffolding is prepared in advance, that laboicrs biiuging 
materials shall carry them with the least expenditure of labor, mid that, 
therefore the approaches are made easy for them so as to occasion no waste 
of their time or stiength. 

ofi. Hie following is abridged from the R. W. Code :— 

The papers to he submitted with any project will consist of a Report, 
Specification, and a detailed Calculation of measurements and quantities, 
with an Abstract showing the total estimated cost of each description of 
work. These documents together foirn what is commonly called “the 
Estimate,” though the term more properly denotes the two latter only. 

The heading of every Estimate shall specify clearly, but in general 
terms, the nature of the work to he done, and the locality. When not 
at one of the principal stations, the pcrgunnali and zillah, as well as the 
town or village, must be mentioned. 

The heading will be followed by a list of references, embracing the au¬ 
thority on which the Estimate is framed and all the correspondence oil 
the subject. 

After the list of references will be inserted the Report, stating in brief 
terms the object to be gained by the execution of the work estimated for; 
dPcussing the reasons for the adoption of the estimated project or design 
in preference to others; and explaining any peculiarities which roqtiiro 
elucidation. The time within which the work may bo expected to bo 
completed must also be mentioned. 

After this will follow the Specification, wliicli must show fully and 
clearly, but as briefly as possible, the details of the work, how each portion 
is to done, and what materials are to be used (see above). 

O/. A Specification should commence with a general description of the 
locality or proposed rite of the work, unless a more detailed report is called 
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for. For works such as bridges, docks, roads, canals, &c., minute detail of 
localities and their adjuncts arc necessary; and in general a block plan 
should be given for refeicnce, on which will bo shown the drains, sowers, 
&c. The specification should next proceed to an account of the woik itself; 
that is, its intent and purpose, uhai-actcr, anaugement, and stylo. 

The specification should then give a complete detail of construction and 
materials, and should be dnided (supposing a building with a roof) into tho 
different parts as they generally occui in constiuction, Via. :— 

lstly. The preparation for the Foundation either on the natural soil after 
excavation, or by artificial means such as piling, concrete, framing, curbs, 
(kc.; and in commotion with this subject should be detailed, the mode of 
ill.linage, tho disposition of open or covered drains, sowers, die. 

2 rully. The .Brick-woik of foundation, plinth and superstructure, detail¬ 
ing the kind of plastering, and whether on one or two sides, white-washing, 
coloring or painting, with the nature of the materials to be used. 

Si dli/. Stone-work, the kind of stone, and how connected, whether by 
cement or iron cramps. 

4 thhj. The .Roof, whether timbor or iron; its nature, construction, detail 
of component parts; its covering, whether tiles, bricks, planks, thatch, &c.; 
means to be adopted (if any) for seasoning the timber, or preventing its 
destiuctiou by moisture, or white ants, and biief calculation of the proof 
that it is capable of sustaining, the weight to lie assigned to it. 

bthly. The Flooring, its nature, mode of raising, whether solid or by 
flues; means (if any) for prevention of damp. 

Gtlilg. The Doors and Windows, the material of which composed, con¬ 
struction, mode of hanging and fastening. 

7 tidy. All Iron-work unconnected with the foregoing items; such as 
railing, gratings, wall-tics, &c. 

Stidy. The Painting of all kinds and colors, Ynriiisking, &c.; and lastly, 
the Fittings and fixtures, such as staircases if of wood (if of masonry they 
mil come under that head); sunshades, ceilings, partitions, fire-grates 
punkahs, mats, water-closets, pumps, cisterns, &c. 

The conclusion should show the means of clearing away all rubbish 
and spare materials, formation, of roads or walks, trimming, clearing the 
ground, and placing it with out-offices, walls of enclosure, &c. (specified 
for as above), in a proper state to bo finally surveyed or made over to the 
authority for whom it is destined. 
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Fop.it of Specific vtiox. 

5S, Foundation —All rock, soil, or rabbish necessary to leave tlie site 
cf intended building clear and unencumbered, foundations for footings of 
all drains, ce c s-pools, vaults, £c., to be propeily excavated, refilled, ram- 
r,ud. and levelled, draining off all water and soil which may affect the 
oxi-ac ations from springs, currents or drains. The excavations or beds of 
all f jo tings to be made level and peifectly consolidated, tlie depths and 
width* ps -hown in drawing Xo. Fig. 

jV ]j —^rturL of ‘oil upon ulueh tlie foundations nre to bo placed to be ascertained 
j tenon* to framing estimate, In bonng, and all picvions lnfoinuition collected to 
aii id j-5 niiu.li as possible future deviations from plans. 

An artificial Foundation to be made foi (certain parts of, or) the entire 
building (for rea-ons given) feet in width and feet 

deep, the =ame to be composed of one part of fiesb quick lime, three of 
coarse bliaip sand, and six of broken stone or vitrified brick; or two paits 
of sti ne (or Inal') and one of sand with as much lime as will make good 
concreted moriar with the latter; to be mixed in small quantities, the lime 
being moderately slaked at the time of admixture, and the whole thrown 
from a height of not less than 10 feet into the trenches ; the foundations 
being formed in successive layers of 6 inches thick, till the required depth 
is obtained. 

An artificial Foundation to be made for (certain parts of, or) the foot¬ 
ings of the entire buildings with sound piles feet long 

inches diameter pointed with iion and iron-hooped, 
to be driven by proper apparatus, the situation and relative distance to be as 
as shown by sketch, Fig. ( ) sleepers " x " 

over each row of piles and * planks of wood pro¬ 

perly spiked over them. 

59. Frick-mrl .—The Brick-work to be English bond, constructed 
with hard burnt, sound bricks " x " X " laid in mortar composed 
of part lime and parts clean sharp sand, or the best well-burnt and 
sifted soorkhee, the footings and walls to be of the varying heights and 
thicknesses figured in the drawings, 

Flat and counter or relieving arches to be turned through the entire thick¬ 
ness of walls of (1 or 11) bricks deep over all lintels and bressummers. 

Inverted arches under external or other openings from pier to pier, 
as shown in Fig. ( ). 
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Basement walls to level of lower floor to be plastered externally, and 
remainder on both sides with | S0 g™p C0 j plaster, and interior of rooms 

to be finished off with the best lime plaster and white-washed, three 
coats. A cornice of brick-work, as per annexed sketch, to bo constructed 
a l 0I1 g walls projecting inches, 

with proper moulding well plastered. 

Balustrades, as per sketch (to be given in the margin) to ho continuod 
along rvalls, composed of plinth, pedestals, and coping, cemented to¬ 
gether and plastered. 

The angles of walls to bo finished with 

(roughly wrought) or (fair wrought) chamfer channelled quoins as per form 


in Fig. ( )• 

fiO, Stone work —Staircase, or stops at to be of 

stone 1 inch thick, tread to bo 15 inches wide, and risers G inches, nosings 
If Gothic design, the buttresses, guide caps, or pinnacles, to be alluded to with 
detads and niaiginai sketches 

moulded, with hand rail of cast-iron or wood. rooms 

or courts to be paved with stone inches thick, bedded on solid 

bottom of beaten rubbish and jointed in mortar. 

Plinth under columns to ho formed of top and side casing of 

stone properly bedded on the brick-worlc, of 
section and form as per sketch Fig. ( ) cemented with best mor¬ 
tar and iron cramped, columns or piers to bo of stone, with 

moulded capitals and bases, plain (or fluted) shafts. 

Aiches whether with arcliivolts or radiating stones, plain or otherwise; 
pieis, keystones and springing stones. Wall of to bo stone 

capped of sectional form as shown in Fig. ( ) or marginal sketch. 

Marble. —■ Booms to be payed with 

marble executed with finest possible joint, levelled and uniformly and thor¬ 
oughly polished; paying to he not less than inches thick on a 

course of brick flat firmly bedded in well rammed brick rubbish. 

01, Boof. —The roof over to be flat. The beams of 

wood, scantling " x " well seasoned, placed 3 feet apart from 
centre to centre and having 18 inches rest on tho walls, on wall plates 

°f (continuous or otherwise) openings " x " to 

be left round the beams for ventilation. Burgahs of wood " x " 

placed 1 foot between centres. The whole of the wood-work to be sub- 
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iiutt'd to a process of saturation in cliluikle of zinc; or coated, at the 
wall re=ts, with coal tar laid on hot, or yellow oipiment. The covering to 
he of tiles inches thick, each closely jointed together with mortar, the 
upper layer well cemented, proper arrangements in the level being- madcfoi 
the perfect drainage, and by scupper holes with gratings at the mouths 
leading toveitical (earthen or iron) pipes inserted in the wall, or to earthen 
well baked spouts (with or without horizontal gutter). 

Or, Coming to be of two well-burnt tiles jointed with mortar and G 
inches thickness of terrace, formed of six paits large and small semi- 
litiified koak with as much lime as will cement the whole ; the mass to ho 
laid on in two layers, well beaten down to 4 inches, and finished with well 
beaten sooikhee terrace and lime coating. 

Or, Roof to be timber trussed as per detail in Fig. ( ) trusses to 


be not mine than feet apart, scantling as below, viz.:— 

Pi aft ms. "X 

Tie-beam. " X 

Stmts. " X 

Purlins. " X 

King-poat.. " X 

&c., &c. 


Or, Rafters framed oh to tie-beams and iron strapped, tie-beam to have 
a rest of 18 inches on wall, king-post to bo united to tic-bosun with iron 
strap and bolts, struts dove-tailed into shouldeis of ldng-posi, and ridge 
pole notched on to head of the same. The whole of timber 

well =casoned, and submitted to saturation in clilorido of zinc or coal tar- 
Ted; battens or purlins " X " apart, to receive pantiles, or two flat 
tiles, or terrace (as above), or one flat tile jointed in mortar, and over that 
Grecian tiles laid as per Fig. ( ) Eaves of roof finished with 

hoards " X " and rain water gutters (or without) of zinc, sheet-iron, 
or semi-cylindrical earthen drain tiles. 

Or, Roof of cast-iron beams as per section, Fig. ( ) placed 6 feet 

apart, from the flanks of which to spring single brick arches in cement 
rising 9 inches. The whole to bo terraced over with a thickness of 3 inches 
well beaten koah, between which and the arch, may be inserted a thin layer 
§-inch of asphalte or coal tar and forge ashes. 


(A.B .~The above construction answers very well for godowns of either one or two 
stories, jails, arsenals, barracks, &c.) 
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Or, Roof of wrouglit-iron trasses placed G feet apart as per Fig. ( ) ; 

principals to of f or flat bar iron " X " ; tie-rods and tension rods of 
section, respectively, as marked on tbe detailed sketches; rafters abutting 
in a king-head of cast-iron, which also receives tlio upper ends of 
tension rods. The feet of rafters lot into cast-iron shoes resting on the 
walls, and to which arc bolted the ends of the tie-rods. The struts of cast- 
iron, lower ends formed as a jaw to receive the tension rod, and the rafters 
bolted through the upper ends with g-incli bolts. 

Battens of L (or square or flat bar iron) " x " rivetted to rafters 
inches apart or battens of (teak or saul) " x " ridge pieces 
of cast-iron with caps overlapping the upper layer of tiles. 

The covering of either of the kinds mentioned above. 

03« Flooring. —The floors of room to be lined as per Fig. 

( ) showing’ plan and seclion, piers and openings, the arches to be 

single buck well jointed, spanclrells roughly fdled in, and the whole finished 
off with a terraeo 4 inches thick, of well-beaten lcoah and lime coated, (or 
left rough to receive ijj-inch layer of asphalte). 

Or, Floor to be filled in with earth and woll-rammcd rubbish, over which 
to be a course of brick flat in mortar and terrace as above, or square tiles 
in cement close jointed, or, briok-ou-odge wilji best burnt squaro bricks, set 
with close joints, over a brick flat in mortar. ¥ > 

Or, teak boarded, planks well seasoned and inches thick, 

screwed down to sleepers, saturated in chlorido of zinc, or coal tarred; 
scantling " x " resting on blocks of good masonry " x " 
G3. Doors. —Doors of to bo of wood 

(double or single) planks with bedded joints, nailed to threo back braces, 
and hung with hinges to a wood frame " x ,f (lock or 

latch). 

The to have doors of 2 inches thick framing, filled in 

with inch battens of wood properly soasoned, and backed 

with diagonal braces hung with wrouglit-iron H or J -1_ hinges to frame 
" X " of wood (lock or latch). 

(N.B .—Such avo propor for godowns, coach-honscs, barrack out-oflices, &c,, and 
may bo made either with or without swing bar, and strong iron tolls,) 

The to have I or It inch wood panel doors 

hung with (brass or iron) butt hinges to frame " X " lock of (brass or 
iron) and inch slide (thumb or knobbed) bolts. 

VOL. II, H 
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fj^ e to have (entiio, lialf or two-thirds) glazed doors (or vi Vl . 

doffs) frame 2 inches thick wciod, with 7 ]-inoh thick beddings 

to receive glass " X " panels of 1 or 1^ inch wood, with edgo 

mouldings, and lmng to (single or double) rebated frame " X " by (iron 
or brass) butt binges, and furnished with inch sliding bolts and look, 

Q,j le to be fitted with (entire or) two-tbiid Venetian 

valved doors (or windows) frames 2 inches thick of 
wood, well seasoned valves A or f-incli thick, close fitting and weather 
tight, hung with H or I" L bingos to frame " X " (double or single) 
rebated (in connexion with, or) independent of tlio glazed doors or windows 
as above to be fitted with sliding (thumb or knobbed) bolts inches 
long. 

(_N.B —Italian windows, fan-lights, and other rauctios will oC course he mentioned, 
S 3 also whether the above oic “ single flapped ” oi double folding doom,) 

fid. Iron-work .—The posts as per Fig. ( ) or mniginnl 

sketch, to he of wood " x " with cast-iron boxed mid tenoned 

caps and bases. Cast-iron columns to support to bo cast hollow, order 
diameter inches, ancl metal one-fifth of that diamoler in thickness, cast- 
iron plates as per Fig. ( ), bases lot into stono blocks " X " and 

run with lead. Cast or wrought-iron grating to bo fitted to air holes in 
the basement " x " also to gutter drams of 

Iron railing (cast or wrought) where shown in drawing to bo fixed 
(if to wood, with screw bolts; if to stone, to bo run will) lead) also tiro 
rails or balusters to landing steps, balconies or verandahs 

feet high with (iron or wood) handrail. 

Iron barred frames to he fixed to the windows of inch squm 

bars let into horizontal flat iron 3" x f" screwed to the soffit and sill of 
wooden frame " X " 

05. Painting. — ~W ood-work of roof to be painted with color in 

oil (3 or d) coats doors (glazed, panel, or venalians) of 

to be painted in oil color, three coats, the paint to have the 

proper mixture of best turpentine and linseed oil (Europe) to ensure quick 
drying. 

Other Wool work, if any, to be mentioned, and also any pnititions, doors, hand¬ 
rails, See,, requiring Yamislmig meicly (two coats). 

C6. Fittings. Staircase at of wood framed into stilting, 
with 15" treads and 6" risers, moulded nosings, hand-rail, with cap, &c., 
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supported at angles with wrought-iron column inches 

diameter 

Punkahs 'X 'of 4-incli wide framing of wood, covered with 
cloth, painted color and hung to 

iron or biass hooks hi the beams, with coids, brass pullies and pulling ropes 
to be provided, and fiinge inches deep. 

Hcic also mention any other fittings necessary 01 wlieic cmcigcutly applied tor 
and applicable to the building. 

67. Estimate .—Every Estimate, not being for oidinary repairs, must 
be accompanied by drawings of the work to bo done, showing tho dimens¬ 
ions of each part. 

Every Estimate shall contain, distinct from the specification, a statement 
of the detailed measurements of the works agreeably to the drawings, with 
calculations of the entire quantity of each kind of work to he done, in 
cubic, superficial, or running feet, or otherwise, according to the nature of 
the work. 

Estimates shall bo made oat agreeably to tho following form:— 



All Estimates must have Abstracts, showing the cost in Rupees of each 
kind of work, at so much per foot, or per hundred cubic, superficial, or 
running foot; which Abstracts must be so drawn out as to show distinctly 
the cost of each building or work included in. the Estimates, as well as the 
total quantity, rate and cost of each kind of work to ho clone. 

A charge of 5 per cent, for unforeseen contingencies must he added to 
the Abstract of every Estimate. 

Every Estimate must he in all respects complete and intelligible without 
reference to any document hut the drawings. 

The rates of Estimates must be calculated to cover the expense of the 
Work Establishment, as well as the cost of sheds for materials and work¬ 
men. Extra Establishments must be applied for separately. 
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6S. In framing Estimates the following points must bo nilended to :~ 

I Every kind of work must bo estimated by the cubic, superficial, or 
rowing foot, or 100 cubic, superficial or running foul, or by tho maund, 
eseept in the case of miscellaneous potty works, which should bo entered 
as petty works in Carpenters’, Blacksmiths’, or Masons’ (or other Artifi- 
cers’) work, as per list, and each kept separate as far as praclicahlo. 

II. In estimating the brick-work for buildings tho cost, of excavation 
for foundations will fall upon the rate of brickwork, which will be all 
included in one item, embracing foundation, plinth and MipmvdiTieturo. 
Two-thirds of the contents of openings must be deducted in calculating (ho 
quantity of brick-work in the walls, in all eases where tho opening is to 
be covered by a single fiat arch; but when a second or discharging arch is 
to be turned, one-third only of the openings will be deducted ; if tho open¬ 
ing be covered by an elliptic or circular arch only, tho opening will bo 
deducted to the springing, leaving tho contents of tho head io cover tho 
expense of arching. All splays will be calculated square. 

III. Plastering, painting, and white or color-washing must never bo 
mixed up with masomy, but will be separate items, Inside and oulfiido 
work of these descriptions may be included in one item at an average rale. 

IV. Timber-framing is to be estimated by tho cubic fool, and tho cal¬ 
culation must be shown in the detail of measurements in tho niuno way as 
the calculation of brick-work. This modo is applicable to all wood-work, 
Buch as beams, burgabs, trusses, rafters, and oilier parts of roofs, wall- 
plates, architraves, door-frames, &c., &c., &c., and tho rate will include the 
cost of raising and fixing, but not painting, 

V. The scantling and distance apart of tho limbers and tho thickness ■ 
of the covering of roofs must be stated, and tbe authority or calculation on 
which the scantling of the timber has been fixed. 

VI. Covering-in roofs must never be included in tho Kamo item with 
the timbering; each separate kind of covering will form a distinct item. 

VII. Doors, windows, weather-boarding and planking, and gratings of 
all kinds, will be estimated by the superficial foot. Glazed, panel, and 
Venetian doors and windows, may be all placed iu ono item at an average 
rate, and hatten-door3 and other kinds of planking will bo placed in ono 
or more other items, as may he convenient. 

, YI11, Paintin £ wil1 alwa ys a separate itom from wood-work. Each 
kind of painting will be a distinct item, Painting Venetians may be csti- 
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mated by calculating the superficial area at 50 per cent, ill excess of a plain 
surface of the same size; and the glazed part of windows and doors may 
bo allowed for, by deducting one-third of the gross area calculated as a 
plain surface. 

IX. Cornices and mouldings must in ordinary eases be estimated by the 
superficial area; the calculation to be made by adding the projection to the 
depth, multiplying the sum by the length, and doubling the product to 
cover the extra expense of moulding. The projections made in the brick¬ 
work should bo taken as rectangular, calculated in cubic feet and included 
in the brick-work. 

X. For iron-work, the weight must be calculated from the dimensions 
in tlio “ detail of measurements,” and the cost estimated by the mound; 
coarse, and fine wrouglit-iron may be separate items; as also cast-iron. A 
cubic inch of wrouglit-iron weighs about 0• 13G of a seer, or 0 0034 of a 
maund. A cubic inch of cast-iron weighs about 0128 of a seer or 00032 
of a maund. 

XI. When any work is to bo done which is not specified above, the 
Executive Engineer should endeavour to divide the charge into items, ac¬ 
cording to the order in which the work is done; so that the Daily Abstracts 
may be furnished separately for each separate item, and thus the rates of 
work will bo readily compared with the rates of the Estimate. 

XII. No fractions of the cubic, superficial, or running foot are allowed 
in the calculated quantifies where the work is estimated by the 100 feet, 
and only fractions to tlio extent of two places of decimals whero the work 
is estimated by the foot. 

XIII. No fractions of a rupee (J. c., no annas or pies) aro to be allowed 
in any Estimate, oxccpt when necessary to accuracy in the rates, and then 
the fraction must be as simple as possible; decimals of the rupee may bo 
used in rates. 

XIV. When any fraction of a rupeo or of a foot occurs in calculation 
and is omitted, the sum will be increased by a unit, if tho fraction is more 
than half, and tho fraction ivill be simply omitted if it is less than half. 


For further details, the reader is referred to the “ Examples of Estima¬ 
ting, ” published at Roorkce. 
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" CHAPTER XXIX. 

TEMPORARY BRIDGES. 

6!), Befoue entering on the subject of Permanent Bridges, it will bo 
useful to consider the temporary expedients which arc so often resorted to, 
especially in India, for the passage of rivers and streams, wlioro a want of 
time, money, or skill, prevents the employment of more durable methods. 

The first of these temporary expedients are Paved Ctmowai/i. Many 
Indian water-courses, as will be explained further on, arc dry, or nearly so, 
except during the rainy season. In some of the very dry districts of tiro 
North-West, the water-courses often contain no walor for cloven months 
out of the twelve. The beds of such streams arc, therefore, in general, 
passable without a bridge, hut they require to have the hanks cut down to 
an easy slope, and the bed of the stream to he paved for a sufficient width 
to save the labor of draft through heavy sand, or sand and water combined, 
This paving must he laid strong enough to withstand tlio rush of water 
during freshes, and may be of brick or boulders set in mortar, or of ooncrolc. 
The thickness of masonry in each case must depend on the nature of the 
bed, and the force of water when the river is in flood. To guard against 
scour and to save masonry, the depth on each side may ho greater than in 
the centre, so that the roadway may be protected as by curtain walls. 

5'0, The following ia a description of the Causeway across the Soane, 
where the Grand Trunk road crosses that river:_ 

The distance from the western extremity or head, of the causeway to the point 
where the Baraon hank of the river rises above ordinary floods, anil the metalled 

Grand Trunk road again commences, is 11 ,4B0 feet. 

The line of the causeway having been mavlted out, common jungle bulla 7/. piles 
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ivero driven in two parallel lines, tit n distance of 17 feet apart, to a depth 
o£ about IS feet; the sand having been excavated with shovels in the ordinaly 
way. Between these piles down to the water level, or a little below, bamboo frames 
with palm tree leaf mats were forced down behind, to prevent the sand from the 
sides slipping into the excavation. The remainder of the sand below water level was 
excm ated to the rerprired depth by means of the ordinary well sinker’s jUani,* 1 worked 
from temporary stages on either side of the excavation. 

A layer of gnnny hags filled with concrete composed of two parts Soane shingle, 
one part soorkhec, and one part kunkur lime, was then set ns closely packed as pos¬ 
sible or er the whole bottom of the excavation. 

Over this a layer, 2 feet G inches deep of rubble stone, set in concrete, of the same 
proportions as above is placed, and on this the roadway, formed of roughly cut stone 
slabs 1 foot thick, from 1 foot to X foot and G inches broad, and alternately 9 and 
7 feet long, so as to break joint with each other, is formed ; all irregularities of 
lower surface of the slabs being carefully packed up with rubble stone, the joints 
made as narrow as possible without actually dressing the stono, and thoroughly 
filled up, grouted, and pointed with the best kunknr lime and soorkhec hydraulic 
mortar; any considerable rouglmcss and irregularities of the surface was then chipped 
down and levelled by stone-cutters ; no attempt being, however, mado at anything 
approaching fino dressing, the whole or any port of the surface of the stones, which, 
would have been objectionable, ns causing tho road to he dangerously slippery, 

71, Temporary Wooden Bridges may also be adverted to bero as distinct 
from permanent timber bridges, which, will be noticed further on. A fow 
of the simplest forms are given, which may be made up by common carpen¬ 
ters and of almost any wood procurable. 

Rope Bridges of various designs are used to cross mountain torrents 
which run between high stoop banks in the hills. In somo a single rope is 
stretched across the stream ancl made fast to trees on cither bank; a sort of 
cradle in which the passenger sits, is slang on the rope and pulled across 
by means of ropes worked from either shore. In others the bridge con¬ 
sists of three ropes, one for the feet and two others for the hands of tho 
traveller, kept asunder by triangular pieces of wood placed at intervals. 

It is evident that neither of the above is suited for the passage of ani¬ 
mals or vehicles. 

Suspension Bridges of rope and bamboo are also in use. There is ono 
of this kind near Calcutta 175 feet span. 

73. We may next consider Ferry Boats, which are in use on nearly all 
the large Indian rivers, but are often replaced by boat bridges during the 
cold season. The boats are almost invariably those used by the natives 
from, time immemorial, though these differ somewhat in shape on nearly 

* So specified in original, but the jhaxns used were much smaller and got at a less angle io tho pole 
than those used in well sinking,—0. J. M. 
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every separate river. Iu general they are flat bottomed and very clumsy, 
and it is astonishing how seldom pains are taken to adapt them better to 
their special purpose, so as to be more accessible from the shores, -when the 
water is .-hallow, to both animals and vehicles. 

The following is a description of a ferry boat used in the Bareilly dis¬ 
trict, which seems to answer its purpose very well:— 

Two narrow boats, 50 feet long and 5 feet broad at the bottom, spreading out to 
10 at the top, with fine sharp lions, are put 0 feet apart and joined together with well 
bolted beams. Thc=e beams, being covered with thick planks well bolted down, make 
a platform 28 feet square, which will carry a number of vehicles, animals and pas- 
tender-. Towards the bow and stern are stiff railings, and on each side gnig-bonrds 
(6 feet broad, and nearly the whole length of the platforms), which can be lowered 
to the land piers so as to admit of a carriage being driven on without unharnessing. 
These gang-boards when raised, which they can easily be witli tackles, form high 
defences bi tween the passengers and the river, on both sides of the platforms. 

A paddle-wheel* 5) feet broad, and 8 feet in diameter, turned between the boats 
in the after-part by two cranks, one on eneh hoat, worked by eight men at each, or six¬ 
teen men altogether, will secure a speedy pas«nge across, or it may ho worked by a 
couple of men on board, by means of a capstan tmd cable, the latter having nn end 
secured on each side of tire river. 

73, j Boat Bridges are maintained over all the great rivers on the main 
lines of road from September till June, and occasionally all the year round 
where the stream is not too wide, or where it can be narrowed by the em¬ 
banked road being carried forward on each side, so as to restrict the deep 
channel within reasonable limits. This might ho done oftener than it is, if 
effected gradually in successive years, so as not to oppose the river too 
violently at first, and to give the earth-bank time to consolidate; and even 
if there were no immediate prospect of building a permanent bridge, it 
would make the passage far less troublesome, and improve the regimen of 
the river in readiness for a permanent work hereafter, though it would in¬ 
crease the difficulty of getting in the foundations. 

To make a Bridge of Boats, the boats are anchored head and stern at in¬ 
tervals apart, and connected by balks of timber to support the planking of 
the roadway, ho unequal boats should, if it can be avoided, be used in the 
same bridge; for as vessels of different magnitudes are immersed unequally 
by like weights, and the tops of their gunwales are not in the same plane, 
the floor of a bridge laid on them would be sunk unequally and out of level. 
If the boats be very capacious, though of different sizes, the difference of 
vertical immersion will be so trifling, even when the heaviest bodies are 

* The paddle wheel is covered in on both side, and above, and on the cover is the steering wheel. 
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passing, as not to affect materially tlie stability of the construction, or 
require any particular precaution on account of unequal powers of floata¬ 
tion ; but when small boats of different capacities are used in the same 
bridge, the intervals should be reduced, and regulated accordingly. 

In rivers exposed to much agitation from wind or floods, the construc¬ 
tion of a floating bridge should be such as to allow something for the 
individual motion of each boat, so that the bridge may have sufficient 
flexibility to undulate a little with the swell, and thus yield to a force 
which mig ht otherwise break or strain the beams. If beams, doubly 
keyed or bolted to each other, be prolonged, as if forming one piece, and 
rest on both gunwales of large boats, exposed by a heavy swell, to roll, 
or to rise and fall, it is evident that a force will be exerted to break 
the beams, if the motion impressed upon the vessels be too much 
restrained; and if, on the other hand, the beams be disconnected and laid 
from the side of one boat to the nearest gunwale of that adjoining, a 
small boat or vessel would dip, or heel, very much, under the pressure 
of any concentrated weight. To remedy this, a trestle should bo fixed 
longitudinally in each boat, the upper surface of the ridge beam being 
raised a little above the gunwales, and the length of the trestle regulated 
by the intended width of the bridge. If the boats are large, and strong 
in the sides, the ridge-beam may be fastened upon beams laid across the 
boat; but if, as is often the case with keeled boats, the sides and timbers 
are slight though their bulk may be sufficient to displace the nocessary 
volume of water without much immersion, the trestle should be raised 
upon the kelson. 

The balks should be laid from trestle to trestle. The beams of all 
floating bridges should be nearly square, because, if the depth be much 
greater than the width, (as is the form in the construction of permanent 
buildings of timber,) they would be apt to turn on their side when the 
bridge is much agitated; and, would moreover, be deficient in lateral 
strength to resist the horizontal strains to which they may be exposed. 
The length of the balks is regulated by the distance the boats are placed 
asunder, and this again depends upon their size, their number, and the 
length and strength of the timber for beams. If the boats are large 
and strong, and good long beams can be procured, the intervals should 
be very considerable in a strong current, so that the water may be allowed 
to pass with as little obstruction as possible. If good timber sufficient 
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to form beams of 8 inches by 6 can be procured, 20 feet may bo allowed 
from trestle to trestle, and considerably more when vessels of 20 or 30 
tons are used. 

The boats nearest to the shore on each side being rnoie particularly 
affected by weights moving on and off the bridge (on account of the slopes 
leading to the bridge from the banks, and the pressure thereby thrown 
upon the nearest boat), two of the strongest and most capacious vessels 
should be selected for the beginning and end of the bridge. 

The width of the roadway depends on the amount of traffic. On any road 
of importance there should be a double roadway which may he separated 
by a centre railing. The greatest weight that can come on an ordinary 
roadway is that arising from a densely packed eiowd of people, which is 
usually estimated at 120 lbs. per squaie foot, and the weight of the plank- 
ing, &e., may be taken at 20 lbs. more. If the roadway were 18 feet wide 
and 20 feet long from boat to boat, the greatest total weight on tlio floor¬ 
ing of one bay would be 50,400 lbs., which divided amongst five balks 
would give 10,080 lbs. caeh, equal to 5,040 lbs. at the centre; if the beams 
were of sal, this would require a scantling of 8 inches square, though it 
would be bettor to make it somewhat greater. 

The flooring should be 2-J or 3 inches thick, nailed diagonally across the 
beams, and covered with 8 inches of earth and stable litter. A railing of 
wooden posts connected by chains may be fixed on caeh side. 

The balks are laid on the trestle in separate spaces, cleated off to loceive 
them, and in which the beams work as the boats move in the water. The 
vessels are moored head and stem, and fastened together by pieces of 
timber lashed across the ends of the boats, to preserve the proper distances, 
and to save the balks from unnecessary strain. 

When there is not sufficient depth of water to admit of boats floating 
within the proper distance from the river bank, and thus to form the two 
abutments, wharves, rafts, or trestles, should be constructed, and it is 
sometimes necessary to prolong these to a considerable extent into the 
river. For tidal rivers, or those which are exposed to bo much swollen, and 
consequently to have their surface level suddenly raised, as in the vicinity 
of a mountainous country, the trestles used for this purpose should be form¬ 
ed of two strong upright pieces at each end, with a moveable ridge-piece, 
■#hish may be raised or lowered at pleasure, and readily adjusted to any 
level, by Iron pins, on which the ridge rests. In rivers subject to floods, 
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the boats forming the abutment (and when the river bank is high, some¬ 
times the two or three nearest boats at each end of the bridge) should each 
bo fitted with elevating trestles of this construction, by means of which 
their ridge-beams may likewise be lowered, or laised, in due proportion, to 
give an easy degree of slope from the banks to the bridge, when these are 
so high, or the water so low, as to require the slopes to be thus pro¬ 
longed. 

It is indispensable to provide, in the construction of all floating bridges, 
for making, readily, an opening in that part which lies in the most rapid 
part of the current, so ns to admit of the navigation of the river being 
opened, and of the passage of any floating bodies, which might otherwise 
endanger the bridge. The moveable part is constructed on two, and some¬ 
times on three or more, boats, according to the magnitude of tho river, and 
is formed into a separate poition, of length sufficient to fill exactly tho re¬ 
quisite space. The beams of the moveable part project about 1 foot over 
the outside gunwales of the outward boat, the beams of tire adjoining boats 
on each side, likewise project over then- sidcB; and the ends of the beams 
are covered, so that they may not hitch in each other in reforming the 
bridge. The planks, or floor, are fastened down to tire beams throughout 
the bridge by curb pieces, clamped down with wedges, except at the junc¬ 
tions of the standing and moveable portions, where the planks are attached 
to those adjoining them by hinges. The moveable portion of the bridge is 
provided with two large anchors, laid upwards in the stream, and a strong 
hawser is fastened to each standing end of the intended interval. Tho boats 
forming the moveable portion are likewise provided with rudders or steer¬ 
ing oars, and windlasses. To open the bridge, the outside planks of the 
moveable and standing parts are folded back, to turnover tho projecting por¬ 
tions of the beams. The wedges, by which the beams of tho standing and 
moveable parts are clamped, are then driven out and the cables and hawsers 
cased off; when by the immediate descent of the moveable portion of the 
bridge in the current, an opening is quickly formed. The moveable pari is 
then obliqued, by the rnfluence of the rudders, to a convenient positron behind 
either standing end. The method of re-forming the bridge is sufficiently 
obvious. 

Where proper anchors are not available, wooden cribs filled with brick 
or stone, of the annexed pattern, may be used, and held by ropes or chain 
cables. 
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74 , The following is a short description of the bndge of boats over the 
.Jumna at Delhi. 

During the rains the main 
‘tream of the riser is 585 
sards toad at the bndge of 
boats Seventy-seven boats 
and fifty-two double plat¬ 
forms constitute the bndge 
in the rams. 

Daring the dry months 
n is necessary to bridge 513 
yards, which tabes sixty-six 
boats and forty-seven double 
| latfonns. The water covers 
hut 178 v nrds, in which there 
are twenty-three boats and 
seventeen double platforms. 

The remaining Dd5 yards are 
simctimoa dry, and some¬ 
times under water, and m this pait there ore foity-threc boats and thuty double plat¬ 
forms 

There is a double loadway railed off on either side. Traveller! and couveyancw 
going from east to west are kept on one side, and those fiom west to east on the other 
There is a pair of platforms between the boats with a few exceptions. Only 18 boats 
belong to Government, the rest are hired at Rs. 10 a month each, foi which the owner 
prorides a boat and a mullah to each boat Seventeen of the Government Boats were 
built in the Hills aome years ago and cost Us. 450 each; one bonfc was built in Delhi, 
and cost Its GG5 ; a pair of platforms cost Rs 144 

J.j, Pontoon Bridges are superior to boat bridges for civil purposes, 
but their first cost is somewhat greater, and hitherto from the difficulty of 
getting iron work mads up and want of transport, they have only been 
occasionally used in Northern India. A very excellent one has lately been 
constructed across the Ganges at Cawnpore, the iron pontoons having been 
made in tile workshop of Messrs, Palmer and Co., at that station. 

The following is a description of the one at Agra, which lias been in use 
for many years. 

The Agra bridge is supported ou cylindrical sheet non pontoons, the total length 
' 1 the pontoons is 30 feet 8 inches; the middle part is 5 feet 8 inches in diameter, 
For a length of 22 feet. The ends are egg-shaped, the thickness of the sheet iron is 
^-mch, and the sheets are revetted together with J-inch rivets, spaced from 2 to Ij 
*1101103 apart from centre to centre. Each pontoon has a man hole, and a small hole 
for the mooring chain; the mooring chains vary, but are in geneial long linked chains 
J-incb diameter. No anchors are used, their place being supplied with blocks of stone 

The pontoona are spaced 18 feet apart from centie to centre; on the pontoon", and 
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resting on a timber saddle, the longitudinal beams are placed, the two outside and th< 
centre one being 8$ inches square, with four intermediate oucb 8} inches deep, by 5 
inches broad, making in all seven beams j upon these beams, the planking, consisting 
of one thickness of 3 inches sal is placed. The width of this roadway or planking is 
26 feet; it is spiked down to the longitudinal beams at each outside edge of planking. 
Both ahoie and below runs a longitudinal stringer of sal, 7 inches wide by 2\ inches 
thick; this is bolted together with wrought-iron bolts ; on the top of this, posts spaced 
6 feet apart are stepped ; between the posts ran two lines of long linked .pinch chain. 
Inside the pontoons aie placed piops of wood to stiffen them. 

To allow boats to pass up and doira, thcie are two pontoons each 4 feet longer 
than the oulinary ones, on which nro arranged two crabs with hinged platforms. 
These arc raised, the whole removed to one side, and returned when the boats have all 
passed. The arrangement acts very well. 

70, A Flying Bridge is formed by anchoring a floating body in a river, 
so as to receive the action of the stream obliquely, by which a force is de¬ 
rived from the current to move the vessel across the river. 

The boat A (see figure), fastened by a cable to a buoy, B, securely an¬ 
chored, will, in crossing from 
C, soon come into the line 
of direction of the current 
BD; and if she he steered 
in a proper degree of obli¬ 
quity, she will pass through 
the ascending part of the arc 
to the bank E, whence she 
may be made to recross to 
0 in the same manner. 

The manoeuvre will be 
more easily executed with a long tlmu with a short cable, for it will' be in 
the arc of a larger circle. If a short cable BG were used, the boat would 
have to ascend from G through a space equal to GH, to arrive at S, and 
consequently suffer groat resistance from the action of the current. Also, 
resolving BS into BH, HS, we see that the force BH supports the boat 
against the stream, whilst it is held to the centre B by the greater force 
HS. The movement therefore should not be made in a longer arc than 
SO”; and when this rule is observed, the angle ABE never being above 
45°, the force EO will never be greater than OB. 

Whenever a long service of cable is used, it should be floated by inter¬ 
mediate buoys. 


B 
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PERMANENT BRIDGES. 

Pef.mamiht Bridges are made of Wood, Elicit, Stone, and lion, Tim 
use of wooden bridges is in India, however, generally confined to places moi 
near the Hills, where wood is cheap and plentiful; they aic, also, sometimes 
used in the plains as temporary structures, until time or money can be 
spared to erect pennanent ones, but the destmetibility of the material, and 
the liability of its parts to bo deranged by the violent atmospheric changes 
common in the East, render its employment in general unadvisablo. Be¬ 
fore however the material can be considered, certain points require to be 
gone into which are applicable to all kinds of bridges. These are—1st, 
the Site; 2nd, the Waterway; 3rd, the Design. 

77. Site .—When the place where a bridge is to be erected is not deter¬ 
mined by the position of a road, which it is inexpedient to alter, the site 
which offers the most security for the foundations and the greatest economy 
in construction is to he preferred. If rocky fonndations can he had, they 
will save much expense and anxiety; if not, any place where the river runs 
between high pennanent banks will he good, as the river will not be liable to 
alteration, and the amount of water to he passed is easily known. In the 
plains of Northern India, however, even this cannot often be found. Erom 
the flatness of the country, and the vast quantity of silt brought down by 
the waters of an Indian river during the heavy freshes, caused by the melt¬ 
ing of tile snow in the hills and the periodical falls of rain, the bed is con- 
fmnally being raised, and the course of the stream perpetually altered. 
No one who has not watched one of these large rivers for some years would 
believe the extraordinary changes that occur in quick succession. Take for 
instance the Indus, above its junction with the other Punjab rivers. Its 
discharge in winter is 13,000 cubic feet, in summer at least 120,000. Its 
proper banks at the above place are 3 to 4 miles apart. Its cold weather 
channel in one year may be 1,000 feet across. In the next year in the 
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same place there Mill be three channels instead of one, sepaiatcd by islands 
of sand. The feny has often to be shifted two miles or more, up or down, 
in two following years. In four years it cut away lj miles of bank, mea¬ 
sured perpendiculaily, and threatened destruction to a large town. The 
nest year the deep stream shot off to the opposite side three miles from, 
the town. 

It is evidently impossible except at an enormous expense to bridge the 
whole of such a stream as has been described, nor indeed is it necessary. 
What must be done is to provide waterway for the largest amount of water 
that can ever be expected to pass, and at such a velocity as shall not be 
dangerous, and then to connect the bridge with the high ground on each 
side by massive embankments carried across the valley of the river. For 
convenience sake the bridge might he built in the dry bed and the water 
turned through it when it was ready, it being an understood point that 
either the natural or artificial roach thus bridged should be as loug and as 
nearly at right angles to the biidge as possible. It is also evident that the 
river should have as few assailable points presented to it as possible, i. e , that 
the piers should be few in number; which, of course, implies large spans. 
Hence is seen the great advantage in the employment of iron girder 
bridges. Wo can get in the foundations gradually during successive cold 
seasons; then proceed with the piers, and finally, with the superstructure, 
without having recourse to numerous centerings for turning a large num¬ 
ber of arches at once, which are often surprised by the river, carried away 
and the stability even of the finished ones endangered by all not being 
completed. In fact, the difficulty of constructing arches of large span in 
brick and stone within a limited time is often practically insuperable, and 
with small arches great obstruction is caused by the numerous pieis, so 
that by the time a large bridge lias been finished, it has occasionally hap¬ 
pened that the liver has taken a new course altogether, leaving the bridge 
high and dry, and the water not to be brought through it except at a 
ruinous expense. 

With large spans, the only fear is of the river carrying away the road 
embankments, especially when the earth is new, and they must be watched 
very carefully at every point across the whole valley, often many miles in 
extent. Their thickness must be great, they must be carefully made of 
rammed earth with a long flat slope on the water-side and well turfed, if 
possible. Moreover, the river itself must be well watched for some miles 
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up— ltwiB’. and c 7 ltv exertion made to keep the stream straight and 
ijijf ir jn in its naw channel. Little can be done m this way when the river 
,, ]; , j]. p n t in the cold season much may be effected with comparatively 
•mall means if judiciously applied. 

;■*, Though this subject properly belongs to the Improvement of 
fillers, which will be treated of in a future Section, something may be said 
a!>»ut it here. The chief maxim to be kept in mind is, that to turn a stream 
bv direct opposition is almost impossible, while to lead it is comparatively 
ea,y. if wo go to work in the right direction. 

All snb'idiary channels down which the water is inclined to run should 
be dammed across; for this purpose, sand dug fiom the bed of the river 
in iv be u«> d. rirengtlieued if necessary, by piling, or where the current is 
•trang. old boats may Ire sunk. Meanwhile, the set of the stream should 
be carefully regulated, and any tendency to cut away its straight banks 
checked: and, for this purpose, fixed spuis or floating breakwaters are 
the mo-t practicable means. 

Spur* may be formed of a double line of piling filled in with brushwood, 
and carried out at an angle from the shore ton ards the current. The force 
of the water is checked where it impinges on the spur, a new direction 
given to the current and a considerable deposit of silt takes place both 
above and below the spur,* It is calculated that each spur will protect a 
length of shore five times its perpendicular distance from the bank down¬ 
stream. and three times up-stream. 

'Where the water becomes too deep and rapid to continue the spurs, 
floating rafts of wood may be fixed to their ends, and kept in the line by 
guy ropes fixed on shore, or by anchors. These floating break-waters may 
also be employed alone ; they change the set of a current so long as they 
are in their places, but cause no deposit of silt, and are therefore not so 
effectual a remedy as the fixed spurs. 

If the river succeeds in bursting the embankment at any point, the end 
of the breach should be defended by piling and spurs, so that the breach 
may be as small as possible, and advantage taken of the first subsidence 
of the water to close it. Every year the earth will become more and 
more consolidated, and finally, will be able to resist all the efforts of the 
water. 

• Tbe t&ore means have been ray euccesaftilly employed during the last two years in protecting 
rite town tod cantonment at Dora I sm a e l Khan iron destruction by the Indus 
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Inmost cases of 6uch rivers, it is a matter of indifference where tho stream 
is crossed, but a careful survey of tlio proposed site should be made, and 
also of the water-course and its environs, abovo and below, accompanied 
by borings or trial pits, to judgo of the naluro and description of foundations 
that will be necessary. 

TO, Waterway .■—Tho Engineer’s next stop after deciding whore to cross, 
is to ascertain the amount of waterway which lie must allow for his bridge, 
and vary often this is a difficult taslc, 

When the banks are well defined and tho river does not overflow, then 
the question is comparatively easy; but when, as with most Indian rivers, 
in the dry weather they are mere rivulets, or perhaps nothing, whilst in 
the rainy season they become floods, spreading over the country, tho 
question becomes ono of intricate calculation, inasmuch as it is difficult to 
deteimine what portion of the water iB moving and what is more back¬ 
water. It is seldom also that the Engineer has opportunities of seoing the 
highest floods; therefore he gathers his accounts from othors; or even if 
he should happen to witness a flood, he may not liavo meanB at hand of 
measuring the sections and velocities. 

Let AB represent the flood line of a river; it is plain that if wo mea¬ 
sure the areas of each compartment x, y, z, and s, and ascertain with what 
velocity the water is moving through each, we shall know how much water 
actually passes by iu a given time, say a minute or a second. 



Sow, as Water flows by reason of tho slope in a river’s bod, if we know 
the velocities caused by certain slopes we can calculate what amount of 
opening would allow tho whole of tho wator of tho above section, to pass 
under a bridge at its mean velocity, and so avoid that heading up of tho stream 
which, if carried too far, causes a velocity destructive to the bed of the 
river and so to the foundations of the piers of a bridgo placed across it. 

The safest width of opening would, in many rivers be inconveniently 
great; we are therefore obliged to run some risk by confining the floods to 
narrower hounds; and this causes a heading up or afflux; and in propor¬ 
tion to the perpendicular height of this afflux, will the velocity bo. 

The accompaning Table shows that sand is moved by the smallost velo¬ 
cities, even so little as 6 inches per second, or about one-third of a mile 
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per hour, therefore, the beds of our livers must be continually moving, and 
the question to be asked is, “ to what depth does this liver movement 
extend under certain velocities of current?” 



Telocity of 
river in feet 
per second. 

Ordinary floods, ... 

1 

1 

I 33 

12*17 

Uniform tenonr, ... 

1 

r 
10 62 

Gliding, ... ... 


[0 71 

0 351 

Dull. 


0 26 


Nature of the bottom winch just 
bears such velocities. 

Specific £i avity 
of tlio mateml 

Angular stones, size of a 


hen’s egg, ._ ... 

Rounded pebbles, 1 inch 

2-25 

2 Git 

in diameter, .. 

Gravel of the size of garden 


heans, .. . 

2 545 

Gravel of the size of pens,.. 

2 545 

Course yellow sand,',. 

2-36 

Sand the grains the size of 


aniseeds,. 

Brown potter’s clay. 

2’545 

2’64 


Experience alone can be our guide in replying to the above question. 
Colonel Abbott calculated the velocity of the flood which destroyed the 
piers of the bridge over the Hindun at 11 feet per second, and the effect of 
this velocity was to scoop out the sand to a depth 25| feet; it is plain 
therefore, that any velocity approaching to 11 feet per second, must not 
he risked in a river having a sandy hed. 

Captain Sharp, in boring the bed of the Jumna at Agra, came upon 
broken bricks at a depth of 23 feet, and this can only be accounted for by 
supposing, that the bed has been disturbed to that depth by the natural 
current of the river confined by bold banks 1,300 feet apait. Captain 
Sharp judged the surface velocity at Agra to be 8 feet per second in high 
floods. Colonel Abbott calculated it to be not more than 6 feet per second, 
whilst he states the velocity of the greatest flood at Delhi at probably much 
less than 6 feet per second. 

There can be no doubt that a velocity of 5 or 6 feet per second is dan¬ 
gerous to bridges whose foundations do not rest on firm soil, or which are 
not carried to very great depths. This may appear a small velocity to 
cause so much damage ; observation has however afforded confirmation of 
the correctness of the assumption of this limit of velocity, under the arches 
of rivers with sandy beds, unless the foundations are carried down either to 
a hard stratum or to a depth of at least 40 feet. 

80 . The following Tables give the amount of afflux caused by obstruc- 
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tions in the river's course, and tho velocity due to those affluxes can be cal¬ 
culated by the formula v = sj2 gh , 7j being' the afflux, and 17 being equal to 
32-17. 

Amount of obstruction compared with tho virtual section of the River. 


**>,* i r 

If § 
111 

1-lOtli 

2-10th 

3-10th 

| d-10t.li 

(S-lOth 


7-10Lli 

8-1 Oth 

O-lOLli 


► h „ 

3 £ 

a 0 p* 

Proportional man on ran nivnn in peut. 

1 

■0157 

■0377 

•0697 

•1192 


■3521 

•0780 

1-0094 

0-0389 

) 

2 

WmB 

Bilim 

T231 

K 

•3548 

•8208 

1 '1955 

2 8378 

11-7058 


3 

0477 

■1111 

•2118 

•3(118 

•0107 

T0087 

2 0580 

4-8850 

iiii 

f tflOOClB, 

4 

EH 

1822 

•3372 

■5769 

■9719 

1-7008 

3-2755 

7 7750 

32-0720 

) 

5 

HOB 

•2703 

•51(19 

•8782 

1-4896 

2 1500(5 


11 9100 

49-15.35 

(. Violent 
| lMoods. 

G 

•1558 

37 SO 

■9912 

1 1807 

1-9925 

3-4808 

(i'7154 

15 9308 

05-7518 

7 

■2078 

•4983 

•9221 

1-5750 

2 0578 

4-6511 

8-9578 

21-2020 


8 

257,9 

•0423 

1-1984 

2*0299 

,3-4256 

5-9917 

11-5454 

27-4012 

113-0422 


9 

3350 

8054 

1'490,3 

2-5506 

4 29l>6 

7-5172 

14-4777 

34-304 0 

141-75 LI 

ly violent 

■ 

4110 

9877 

1-8720 

31218 


0 2190 

17-7657 

42-1440 


1 Hoods. 


Example —Tho bieaclfch of tho Tlinmcs ia 02G Icet. The sum of tho waterways, 
old London Bridge was 230 foot. Tho amount of obstruction, therefoie, wns about 
•75 of the ontho section ; so that it velocity of 3i feet per second would give a fall of 
aenrly 475 feet, agreeing with tho actual result. 

If therefore the section of the river and its velocities can be ac¬ 
curately measured, the amount of waterway in the bridge, so as not to 
cause a greater velocity than 5 feet, nor a greater afflux than 5 inches, can 
be easily ascertained. 

81, In order, therefore, to determine tho required waterway for a 
bridge over any stream:—First, determine by enquiry the height of the 
highest flood ever known and correct the information, if possible, by flood 
marks. Then take an accurate section of the river’s bed perpendicularly 
to the course at the site of the proposed bridge, and calculate tbo area 
contained between tbo highest flood line and tho bed. Do the same at 
points one mile above and 0110 mile below tlie proposed site of the bridge. 

Measure tbo length of the undulating line of the river's bed in each cross 
section, and divide each area by this length; the quotients will be wlmt is 
called the hydraulic mean depth , which will be found to vary very slightly 
from the common mean depth, in most Indian rivers. Add together the 
three mean depths so found, and divide by three, the quotient will he the 
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mean of the three “ hydraulic mean depths," to be used in the calcula¬ 
tion : write it in inches. 

Ascertain, by means of a levelling instrument, the difference of level be¬ 
tween the river bed at the upper and lower section ; that is, the amount of 
slope in the river for two miles; and write it clown in inches. 

Multiply the hydraulic mean depth in inches by the difference of level 
just found (also in inches), and take the square root of the product, which 
will be the surface velocity (w) of the current, per second, in inches. Th 0 
mean velocity (V) may be found from the formula, Y = v — */~u + f, which 
is, approximately V = JL- u, when the velocity is greater, and T %- v, when 
the velocity is less, than 3 feet per second. Algebraicahly expressed, V = 
•9 fj ds, where 

V = mean velocity. 
d — hydranlic mean depth, 
s = slope of the bed per mile. 

S3. Suppose the following figure to represent the mean section of the 
three taken:— 


100 ' 100 ' 100 ' 100 ' 100 ' 100 ' 100 ' 



The area of this section is 4600, and if the length of the line ABCD 
measnre 710 feet; then 4600 -4- 710 = 6-48 feet, the hydraulic mean 
depth. 

Let us suppose that the two other mean depths were G '8 feet and 6 T, 

then--g- = 6-46, which is the working hydraulic mean depth; 

and in inches it will be 77-52. 

Say that the difference of level between the upper and lower sections is 
30 inches ; then, ^ 77 52 x 30 = 48-2 inches, which is the average sur¬ 
face velocity, and 48-2 X ~ 43’38 inches, or 3 - 6 feet mean velocity in 
feet per second. 

Suppose it had been proposed to force the stream under three arches 
each of 50 feet span, springing at a height of 9 feet abovo the bed of the 
stream, then 3 X 50 X 9 = 1,350, is the area of the proposed waterway, 
and this is nearly three-tenths of the whole section, therefore the obstruc¬ 
tion will be seven-tenths. A reference to the above Table will show that 
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this would cause fui afflux of 8 feet for the above velocity of 8'6, which would 
give a velocity under the bridge = ‘ 2 ff x 3 = feet per second, 
which would wear away anything but the hardest rock. 

83. Having the mean velocity of the natural waterway, that of the 
artificial waterway may be obtained from the following expression:— 

v = — Vm, 

in which s and v represent, respectively, the area and mean velocity of tlm 
artificial waterway; S and V tho same data of the natural waterway; and 
m a constant quantity, which as determined from various expci iments, may 
be represented by the mixed number 1*045. 

Thus in the given case, to find tho watorway s, corresponding with a 
given velocity of 5 feet per second, 

s-- Sm = —■ X 4600 x 1-015 = 3461, 

V fl 

which, divided by 9, tho height of the piers, gives 381 for the length of 
waterway required, or 8 arohos of 48 foot each. 

The formultc and co-effieionts used above are however adapted only 
to rivers, tho outline of whose section is a nearly regular figure, which 
is seldom the case with Indian rivers in flood. They are capable of being 
modified however, so as to suit tho circumstances of the case; thus, if wo 
suppose a river to have tho following section:— 


100 ' COO' 200' 680' 



The area of tho whole is 15,800 square feet, the hydraulic mean depth 
is 10-5 feet or 126 inches. Suj>poso the fall in two miles to bo 10 inches, 
then a/ - 120 x 10 x ^ = 31-95 or X 2-66 feet, and 15,800 x 2-66 
= 42,028, is tho discharge in cnbic feet per second, according to the gene¬ 
ral rule. 

But if we take the section in two parts, viz., ABODd as one, and the 
triangle EDd as tho other, and calculate them separately, we shall find a 
considerble difference between this result and that of our first computation, 
thus— 

The area ABCBd == 15,200, the hydraulic mean depth is 16-6 feet or 
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100-2 inches; then 199 v io * — = 40162 inches, or 3 31G feet; and 
13.200 X 3-316 = 51,059 cubic feet per second, as the discharge for the 
one portion alone. 

The triangular portion has an area of 600 square feet; the hydraulic mean 

__ C) 

depth is 1 foot, or 12 inches; then V 12 x 10 X ^ = 10 inches nearly, 

the superficial velocity. And 600 X = 500 cubic feet, the discharge per 
second; therefore, 500 + 51,059 = 51,559 the discharge, instead of 
42,028, as hi the first computation. 

84, The maximum surface velocity of the current at any point may 
also he ascertained by the simple process of allowing a coik or other light 
float to be carried along by the current of the middle thread of the water¬ 
course, and noticing the time of its passage between two fixed stations. 
From the velocity at the surface, ascertained in this way, the aveiagc, 
or mean velocity of the water, which flows through any cross section of 
the waterway between the stations where the observations aie taken, may 
be found by tailing four-fifths of the greatest velocity measured at the 
surface. This is a method commonly pursued in practice, the breadth of 
the stream being divided into a certain number of portions, and the surface 
velocity in each being ascertained by separate observations. 

In taking the discharge of the Indus some years ago, I proceeded as 
follows. The point selected was where the river was in one channel about 
1,000 feet across. Ten country boats were used and provided with anchois 
of the pattern shown at page 60. 

Two flags were set up opposite each other on the two shores and in a 
line at right angles to the stream, and the boats being hauled up-stream, 
were dropped down one by one and anchored at inteivals by signal from 
the shore. Their positions were marked by measuring a base along the 
shore and taking angles to each boat. The depth was then taken at each 
boat, and between every two by a moveable boat, and the velocities ascer¬ 
tained by floating a cork along a marked length of 20 feet at each of the 
fixed boats. Of course this was an irregular and only approximate section, 
but in such a river and with such a current it is very difficult to got a re¬ 
gular section taken at exactly equal intervals. In a stream of less strength 
a rope with distances 50 or 100 feet apart marked on it might be stretched 
across, and anchored at two or three points, and the depths and velocities 
taken at each interval by one boat hauled along the ropo from mark to 
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mark. The Current Metre is also used for ascertaining velocities ; it is a 
Binall brass wheel which is put into the stream, and has an index to mea¬ 
sure the times of rotation in any number of seconds, ns shown by a stop 
watch. 

S5, In making a new road across a line of country which crosses any im¬ 
portant drainage lines, it will not bo sufficient to calculate the discharge 
of the water-courses by the above methods, as it will be impossible to say 
how far that discharge may not bo increased by n raised road preventing 
the lain water running over the country, and forcing it into the water¬ 
courses. It will be necessary to calculate the area of the basin drained by 
each water-course, usually teimed the Catchment Basin, and cross levels 
must be taken at intervals where it is possible, to show the breadth of the 
basin, Its length will bo the length of the stream draining it, from the 
point where it emerges from the hills. At this point, the highest dis¬ 
charge must he taken as above, and the highest quantity of lain-fall in 24 
hours over the area of the basin boing known or assumed,* the sum of 
the two may be token os the greatest quantity of W'ater that ever passes. 
Part of this will bo lost by evaporation and much by absorption, depending 
on the nature of the soil and slope of the country—the remainder will havo 
to he provided for in any bridges that may cross it. The data for evapor¬ 
ation and absorption aro very vague, and therefore no certain rule can bo 
laid down for the Engineer, but the following empericnl formula has boon 
deduced by Col. Dickous, R.A., from a comparison of certain practical data, 
and until a better one is known, may bo used ns an approximate guide. 

Let JI = the number of square miles of drainage area of any river or 
water-course, no matter how small. 

Let D = its discharge at highest flood, in cubic feet per second. 

Then D = 825 M J . 

Or in logarithms— 

Log D = log 825 4- | log M. 

This formula is, of course, only applicable to cases within a certain 
average of annual rain-fall—say of 36 inches in the year. It may, however, 
be considered to hold approximately to all cases from 24 to 50 inches of 
average annual rain-fall; as the heaviest fall of rain varies less in propor¬ 
tion than the total annual rain-fall. 

To make use of this formula it is necessary, first, to have the usual data 


* Usually, 12 inches for India, 
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of sections, transverse and longitudinal, of the river’s bed. Then determine 
bv a few trials the flood level which would give the discharge required by 
the formula. This may be compared with the reputed flood level. If they 
differ materially, the latter should be again investigated. After this it mil 
be safe to adopt whichever determination gives the highest flood level. 

For small drains, it will be quite safe to fix a velocity such as the soil 
will bear, and allow waterway enough to discharge the heaviest flood as de¬ 
termined by the formula from the drainage area. 

The following Table, computed on assumed velocities, and assumed pro¬ 
portions between depth and width of streams, shows, in a general way, the 
results of this formula in determining the size of bridge necessary for a 
given drainage area. 













PUtUKNUNP IIBIDGLS. 


78 


§0, Design .—Under ordinary circumstances the nature and design of 
a bridge, great or small, will bo influenced by Lhe nature of the material 
procurable, the skill of the workmen, the amount of money to be expended, 
&c., as well as the nature of the river to bo passed. 

At present iron structures are practically out of reach of the ordinary En¬ 
gineer, as they have to bo procured from England, and as the objections to 
wood kavo been noted, and even good stone is not often procurable, his 
choice will often bo limited to brick. 

After the foregoing calculations tho Engineer is in a position to deter¬ 
mine of how many spans or bays his bridgo is to consist. If tho stream is 
gentle, its bottom not likely to bo disturbed, and the foundations not likely 
to be troublesome, ancl it his materials me not good and his workmen un¬ 
skilful, lie will probably choose a number of small arches. If the river bo 
one as above described, subject to great floods, tho bottom liable to erosion, 
ancl the foundations likely to involvo great expense, ho must procuro good 
workmen and have few bays of largo span, tho superstructure being of 
Iron or Wooden Trussed Frames, or Arches of Brick or Slone, which wo 
shall have to consider in order, 
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CHAPTER XXXI. 

MASONRY BRIDGES. 

&<, Definitions .—The portions of the roadway at each extremity of the 
tridjc which lead to it are termed the approaches. The extreme supports of 
a bridge, by which it joins the banks of a river arc termed the aim/waits, and 
the intermediate supports of the arches arc termed the piers. The walls 
which sustain the embankments of the approaches, where they join Hie 
bridge, arc termed the wings or icing-icath. The faces of the bridge up and 
down the stream are sometimes called the head walls. The projections of 
the piers beyond the faces are termed the cut-waters or starlings. The 
centre line of a bridge between its extremities is termed the axis. The under 
side of an arch is called the intrados or soffit; the former term being used 
when large arches, like those of a bridge, are spoken of, and the latter for 
small arches, such as usually occur in buildings. The outside of an arch is 
called the rsfradas or hach. The two lowest extremities of an arch are 
called its iiijlity,' or springing lines. A line extending from the spring¬ 
ing line un one side of an arch to Hie springing line on the opposite side, 
i- called the span of fit- arch. The crown of the arch is the part most 
remote from the springing line, and the parts of the arch for a certain 
distance up each ride from the springing lines are called the haunches. 
The 'pni"li'ils are the 'paces contained between the extrudes and a hori¬ 
zontal line from the crown. The hloching course is the portion of the side- 
walls between the crown of the arch and the bottom of the parapet. 

£Si Foundations of piers and abutments must be on soil sufficiently firm 
to bear the weight of the superstructure and obviate any chance of settling, 
and deep enough to be safe from the action of the water, increased as that 
action will generally be by the obstacle presented by the piers. The beds 
of all Indian streams are generally sandy, and the foundation must be 
carried through down to the firm soil below. Caro must be taken also that 
thi> firm bed is of a trood depth, for sometimes it may be a mere thin 
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stratum of clay or gravel between two strata of sand; the borings will 
phow this. In a gentle stream a bridge of moderate size would stand 
well on 3 feet of firm clay, the lower courses of the foundation being just 
let into the firm soil below the sand, but a large bridge should have not 
less than (3 foot of clay. Very often the depth of sandy soil is 10, 20, or 
30 feet, and though when not exposed to the aetion of water, sand is not a 
bad foundation, yet it is liable to be moved even by the most gentle cur¬ 
rent, and in Indian rivers subject Lo Hoods, it is often torn up or worked 
into deep holes by the stream. It therefore becomes necessary to seek 
artificial moans of securing tlio foundations. 

With small bridges, and where the current is not very strong, and where 
the natural waterway Ims not been much diminished by embankments, it is 
sufficient to support the bridge upon “ boxed foundations." Tbeso are 
formed by making large boxes of wood of the .sliapo of the pier, hut about 0 
inches or 12 inches larger each way as to length and breadth. The boxes 
have neither top nor bottom, their sides vary in height from 0 to 10 feet, 
according to circumstances. These boxes aro driven into the sand by 
scooping from the interior and lliey aro thou filled with rubble masonry. 
Upon this the piers aro built. Those boxes aro in fact small coffer dams 
aud the water can bo excluded from them by hand pumps, or scooping. 
If the execution of ordinary masonry is troublesome from the presence of 
water, the foundations may bo made of concrete, composed of broken 
stone or brick and hydraulic mortar in the proportion of 7 lo 1. Another 
plan is to build the bricks into large blocks and when dry let those down, 
and join the blocks together below. Jlclow the depth of 10 or 12 feet, 
however, it is better to resort to Piliiuj or Wdl-sinhimj; or one or other 
of the means which have been described in Vol. I., Chapter XV. 

<S!i. In large bridges with the foundations on wells, it is in general un¬ 
necessary and undesirable lo have a masonry flooring between the pious, 
as the soil is unstable, and anything that Lends to obstruct the water from 
passing as usual through the bays, may cause a scouring action on the 
river’s bed. The Madras Engineers, however, almost invariably use a 
flooring protected by curtain walls, only sinking their foundation wells 
G to 10 feel deep, The curtain walls are sunk both up and down-stream 
from pier to pier and to the same depth as the pier wells, the flooring 
being of concrete, or brick-on-edge, 2 to 4 feet deep. This construction is 
undoubtedly cheaper at first than the Bengal method, owing to the great 
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cost of sinking deep wells ; but it is often necessary to secure the down¬ 
stream end of the flooring from the action of the water by continually 
throwing in rough stone until the action lias ceasocl; and where a large 
nw.ply uf loose material of this kind is not available, it would generally 
he new-ary to continue the flooring for some distance down-stream, and 
to secure its tail by another curtain wall. The cost of this addition will 
oft,.,, equal the difference between the cost of shallow and doop wells, and 
the latter are certainly safer in Bengal rivers, where the sand is of a semi¬ 
fluid character. 

Both systems should be fairly considered by tlio Engineer in the parti¬ 
cular ea-e before him, and the preference given to one or the other, accord¬ 
ing to the circumstances of the case. 

90. Pius .-—As the horizontal thrust of the two half arches on each 
side of a pier, counteract each other, the only effort that the pier will have' 
to sustain will be that arising from tire weight of the two half arches, with 
the nd'Iitional weight that may be placed over them up to the road surface. 
The thickness of the piers at top need therefore, in theory, be only sufli- 
cic-nt to sustain this pressure, aucl each square foot of brickwork being 
calculated to bear a weight of 80,000 lbs., or 85 tons, without crushing, 
a pier 2 feet thick would suffice to carry arches of 100 foot span, and -1 
feet thick; but this is much less than what is given in practice, for allow¬ 
ance must be made for injury by time and corrosion to tlic exterior surface 
of the piers, for shocks from floating bodies, for inequality of thrust in 
the arcing either from difference of span, or of workmanship. 

The ordinary dimensions for brick piers are one-sixth oT iho span for 
arches from 15 to 30 feet, one-seventli from 30 to GO foot, and ono-oightli 
for larger arches. This thickness is measured at the top of tho pior. 

In bridges composed of numerous arches, it is sometimes advantageous 
to make every fifth or sixth pier strong enough to act as an abutment, ns 
the arches can then he turned in sets, and if not all completed in one son- 
ton, the remainder may be safely left till the next, and afterwards should 
one arch give way, the damage would not extend further than to the next 
abutment pier, hut when no abutment piers are built, the fall of one arch 
may he followed by that of all the others. 

"When all the arches of a bridge are not built in one season, a small 
temporary arch may he turned on one side of the last pier, (supposing it 
rwt to have been made of extra abutment thickness,) 1o support a portion 
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of the next arch, and act as a counterpoise to the lust of those finished ; or 
if the stream can bo turned from this pier, a heavy mass of brick in mud 
may be built irp against it as a buttress, and also on the top of the pier so 
as to add to its weight and so resist tiro thrust. 

Short piers should he built with perpendicular sides, but a very high 
pier looks better for a batter of about 1 in 12. Piers for semi-circular and 
semi-elliptical arches whose exlrados and intrados are parallel, arc finished 
with flat tops, but for segmental arches, and arches whose exlrados are 
segments of circles, the tops must be fashioned to the angles of the spring¬ 
ing lines with rubbed bric.lcs, or with bricks moulded for the purpose, and 
they are thou called skew-backs or imposts. 

Piers, as well as a! mini cuts, having to sustain a great pressure should, 
be very carefully built with very good bricks, and very line joints, to obviate 
unequal settlement. 

91 . Abutments having to sustain the thrust of the end arches unbalanc¬ 
ed by the counter thrust of any adjoining 1 one, require to be thicker than 
piers; and as the thrust depends on the span, rise, and weight of tbo arch, 
this should be calculated before determining the thickness of abutment 
to he given in any particular case, instead of merely assuming for the 
thickness some fixed proportion of tho span. 



At tho same time it is to ho remembered that if the wing walls and 
buttresses of an abutment are built up, and the filling in of earth behind 
it is carefully executed, simultaneously with the building of the main 
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abutment wall,—the whole mass increases the resistance to the tliml 
of the arch which is eventually to coino upon it. Abutments more fie. 
fluently give way fiom settlement of their foundations tlum from insuf¬ 
ficient thickness. 

The back of the abutment should be built up to u height of ono-tlmd 
of the rise of the arch above the springing line, and the half spaudiols 
filled in like manner as above the piers. 

The above are good forms of abutments in combination with wing 
walls. 

The calculation of the necessary thickness of the abutment to resist the 
thrust of the arch has already been investigated in Vol. 1., Chapter XIV. 

<J2, Arches of stone and brick bridges, arc either seini-eireular, segmen¬ 
tal or semi-elliptical (the curve in the latter ease being either a hue ui 
false ellipse). 

Semi-circular arches are strong, and have the advantage as well ns those 
truly elliptical, of exeiling no thrust upon the piers. Jhit (hoy generally 
give too great a rise, thereby involving heavy and expensive approaches. 
Tire elliptical arch gives the greatest waterway J'or a given area and is voiy 
light and graceful in appearanco, bat is nol bo strong, and is move difficult 
to construct than tho segmental, which is the curve usually adopted. 

The proportion of rise to span in an arch varios from about ono-soventh 
to one-fourth, the ratio increasing with the span. Tim young Uiigiuecr 
had better refer to the numerous examples of bridges on reenul as patloim 
to enable him to determine this in each particular case, remembering Hint 
the flatter an arch is, the more care in required in the workmanship, mul 
the higher it is the more expensive are tho approaches. The springing of 
the arch should be somewhat above tho level of the highest known flood, 
and if the river is a navigablo one, there must be room also for a laden 
boat to pass easily under the arch at high flood level. 

It is now most usual to givo the same riso and span to all the arohes of 
a bridge and to place their springing linos on tho same level. This is 
perferable to having arches of unequal dimensions, with their springing 
lines lower iu receding from, the centre to tho extreme arches. When tins 
first plan is adopted, the parapet wall and roadway will bo on the same 
level throughout, and measures must bo taken fox keeping the latter dry by 
apertures at the bottom of tho parapets. Tho latter pluu hay however tho 
advantage of reducing the cost of tho approaches by having a gradual fall 
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iu the roadway from the crown towards tho, two ('lids, and many think it 
iiuite as piclnroMpio as (In- other. 

The proper Thichuss of Aic.licx has been investigated iu Chapter XIV.; 
where also tho rules for laying out the airli are given. 

The Bond of Arches has also been treated of in tins above Chapter; but 
it may be as well io say I lint an belli the methods given in para. 255, for 
brick arches are to a cot Inin extent defective, when the work 1 h of impor¬ 
tance and Ihe cost can he afforded, tho eommon bond .should ho used and 
carried right through the arch, One brick is laid on edge to tho centering, 
its length laying in the direction of the breadth of the nidi; Ihe next brick 
is placed with its end upon the eenlering and ibs longih in prolongation of 
the ratlins; thus breaking joint on ihe IhicknoSH as well on tho breadth of 
tho arch. 

93. Spmulvdk .—The spandrolls or spaces ho tween the arches may he 
filled up in various ways, hut tho following are considered tho host, In small 
bridges tho masonry having' been brought up to a level with about one- 
qnnrtor of the rise of the nreli, is then sloped up to tho top of the crown 
and the remaining space filled up with gravel or stone •rubbish, but not with 
sand or clay. In largo bridges the best mode of tilling up the spandrolls is 
to build cross-walls between (he arches founded upon tho solid masonry 
already montionod, and increasing in length as they advance in height; 
they rost upon ami abut against the hacks of the arches and act as struts 
between them. These walls are placed from 2 to )1 feet apart, and arc 
made from 18 inches to 3 feet, in thickness, according to their height. They 
are bonded together, if of considerable height, by laying long stones, or 
when stone is hard to get, long Hat tiles of earthenware occasionally across 
from one wall to tho other. Tho outside spaiulroll walls, sometimes called 
face walls, running parallel with those, are connected with them in llio same 
way and become a part of tho general frame. Tho walls are carried tip 
nearly to tlio crown of tho main arches whon tho spaces botwoon them aro 
thomselvos arched over. Openings are mado at tho bottom of these walls 
along tho top of tho piers, through which any water that may Call into, or 
by any means bo colloctod in tho spandrolls, is conducted to one point and 
issues through a pipo or spout placed for that purpose. Tho outside spand- 
rell walls aro usually made thicker than the interior walls, and a wall should 
bo built along tho piors and abutments crossing and binding the other walls. 
Whon the spandrolls have boon brought to the proper height, they aro 



so 


WASOUltY BttIDOliS. 


dressed to the slope which it is proposed to make the roadway, which is 
recommended to bo not greater than 1 in 24. 

Li designing the spandrells it should be remembered that the tendency 
of a very flat arch is to fall m at the crown, and that to counteract this 
tendency, a certain amount of weight is allowable and even beneficial on the 
haunches, On the other hand the tendency of a high arch is to open out 
at the crown, and to prevent this the haunches should be lightened as far 
as possible. From not attending to these two principles, bridges are con¬ 
stantly designed with an amount of masonry altogether unnecessary, and a 
very needless expense is thereby incurred. 

On the top of the face wails comes the binding course; this course of 
masonry extends the whole length of the bridge along tlio urolics, span¬ 
drells, and wing walls. The upper course of it should bo of suiliciout 
breadth to allow of an inner and outer projecting lodge, as well ns spaco 
for the foundation of the parapet. The upper side of the outer projecting 
ledge or cornice should havo a slope or weathering to throw off the water, 
and be properly throated so that the water shall not trickle down tho face 
of the bridge. 

In some large French bridges the spandrells havo boon filled up entirely 
with rubble masonry, but this throws an unnecessary weight upon tlio 
arches. To remedy this, small arches have boon made quite through and 
kept open, or sometimes concealed; and in tlio Westminster and Orleans 
bridges, vaults have been constructed to lighten tho piers which sunk and 
those adjacent to them; but ns these arches arc easily deranged by any 
settlement of the main arch, and by that moanB rendered injurious rather 
than beneficial, the mode first described is considered tho most simple and 
the most effectual. 

91i Wing Walls .—The wing walls may either bo built at right angles 
to the abutment, or with a curved splay outwards; tho first plan is the 
simplest and has the advantage of giving a better hold to tho earth of the 
river banks; but when the road narrows on crossing tho bridge, or when 
two or more roads meet at tho approach to it, the wings require to bo 
curved. When the soil of the river banks is bad, tho foundation of tho 
wings must be laid at the same depth as that of tho abutment for their 
whole length, otherwise unequal settlements and cracks are likely to result 
from tlie height and weight of portions being unequal. But if the soil 
forming the banks of a stream be firm, the wing walls may be chonply 
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nntl strongly built with foundations in Mops corresponding willi I ho Conn 
of the banks. Tlio depth of each Hiicoosnivo slop should ho determined 
with roforonco to tho section of (ho hnnk mid to the soil ; in rocky ground 
tlio snvfaco of cash stop should ho 2 foot I jo low tlui surfueo of tlio ground, 
and in gravel .1 feel.. 

A good rule for the length of wing walls in that (hey should he onn and 
a half times tho height of the romhvny above Iho bed of the river. Their 
thickness at bottom may bo ono-fourlh of (heir height, mill they should he 
built with off-sots on tho inside so as to reduce (lie, thick ness nt top 
to 2 or 2i feet. Ju fact, tlio rules for (heir thickness are (lie same as 
for other retaining walls, and the thickness of wing walls should de¬ 
pend not only on their height, but on tlio description, of the soil; when 
dint is firm and compact there will not ho so great a pressuro on Ihe 
winga ns when if is loose. Wing walls of very great thickness have boon 
tlaown down, or cracked to such an extent that it has boon necessary (o 
rebuild thorn, from the cnrlli having been thrown in loose between them’ 
and swelling aflor becoming saturated with water. This accident would 
never happen if the precaution were (akeu of filling in (ho earth gradually, 
iis the walls are being raised : it is then trodden on daily and cannot nflor- 
Wftrds ho easily penetrated by wider. When nbulmout walls are built with 
long buttresses the pressure on (he wing walls is deereiised. 

Tlio ends of the wing walls are always widened so as In form pillars of 
support which may he sipiaro umlei ground, ami of any form above ground 
winch may ho considered most appropriate to tlio design of tlio parapets (o 
which they form terminations. 

95. I’araputa .—Tlio height of the parapet wall above Iho roadway may 
bo 3 feet in medium si/.ed bridges, and may he increased in larger ones to 4 
foot, while for small road tunnels a few inches will be siillieient. The 
thickness may ho cither a brick and a half or two brinks, tho former will 
genorally ho sufficient. 

Outlie interior side id bottom (here should be a projection 4 J inches square, 
called a wheel-guard, when (here are no foot-paths, to keep oil' tlio cart 
wheels. This should lie of Mono if procurable, otherwise of liriok-on-oilgo. 

Tho blocking course on which the parapet is built, should ho from 1 \- 
to 2 foot wide, and 1 to 2 foot high. Tho inside of tho parapet should ho 
ijuito plain, as any projecting ornament would ho quickly knocked off: on 
the exterior side, at top mid bottom, a neat cornice will improve the appeal- 
vol. u. 


M 
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Slice of the bulge. Should a balustrade ha adopted instead of tlio ordin¬ 
ary parapet wall, it should be foimed of bucks moulded expressly for tint 
purpose; hollow pottery ballusters should never be used. 

Perforated parapets of various designs may bo built with bricks specially 
moulded, and they have the advantage of lessening the accumulation of 
dust on the road. The architectural finish of the bridge must he loft to tin 
taste of the designer. The following hints may however bo useful. All 
ornaments for a bridge should be bold and massive; a full projecting cornice 
with but few members—a panelled parapet with curved coping. The 
directions given to the cappings of the pier heads and Hie indication of foini 
of the intrados given by projecting the arch face a few inches beyond the 
the face walls, and chiselling them in voussoirs, and a similar projection of 
the ends of the piers, arc the principal menus whereby a pleasing archi¬ 
tectural effect may be produced. 

If the parapets are more than 5 yards long, holes should lie loft at inter¬ 
vals on the sides of the bridge close to the parapets and Ihrougli the parapets 
of the wing walls. These holes aie for the purpose of letting the rain¬ 
water drain off the road. The drains may be earned cither through the 
crowns of the arches or through the piers, obstruction is least likely to occur 
in the former; or the drainage may pass over the face walls tlnougli boles 
under tlio parapets. The bottom of tlio holes should bo about an inch 
below the level of the road surface, and if there is a cornice, the water 
should issue above it. 

Brick bridges are almost invariably plastered. The principal objection 
to the practice is that the brickwork is likely to bo less good in consequence, 
and the parapets soon present a shabby appeaianeo. A stone coping would 
be more secure from injury, and would very much iinpvovo the appearance 
of a brick bridge left unplastered. The courses of brick work would then 
Lave to be laid with logulaiity, and with thin mortar joints well pointed; 
the requisite cornices and other ornaments could all bo executed in brick, 
either chiselled or moulded to the form required. 

96, Roadway. — The first flooring of a bridge should consist of a layer of 
brick-on-edge, and on this a layer of good kuiikur well rammed down to 
1 foot at the crown and 9 inches at the edges, oven if the roads loading to 
it ate not metalled. This should never bo omitted, and the rubbish from 
the brick-kilns should be taken for the purpose, if no boiler material is pio- 
curable. 
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A curbing of stone or briek-on-udgo should then ho lniil about 4 foot 
fiota the parapets lor llio fimtpalha, which may Im laid with paving slonca 
or large flat tilcb. TIio footpaths .should ho raised 3 nr 4 inches, ft sloping 
ot saucer drain king made between the curbing of the footpath and tlm 
caning® way on each Hide. The einbing and sloping drain bhonld bo of 
(.tone when piocurtthlo. 

Four granite guard slonoa are rorprired to Iio fixed in tlic road, cither at 
tlio extremities of tin) parapet or at Iho purls where llio roadway begins to 
naiiow, to protect Urn paiapotM from emt wheels. All small road tunnels 
tlionltl bo mado the full lneaillh of the road, window that may ho; hut from 
motives of economy, tlm breadth o( the roadway over bridges may bo 
ictlncod in places where the trnflki iH little to IH feel, lmt in all high roads 
it should bo 27 foul, and in huge allies as nuieh us 30 feel; these breadths 
mo exclusive of the thickness of the parapets, and are multiples of!), which 
is Hie space retpiiml for tlm passage ol a carriage conveniently, and without 
risk of collision, b’ootpnths may bo gained on either side overhanging llio 
faoo walls, either by bricking out or by supporting them by cast-iron 
ooibcls. 

When the roadway over a bridge, is much higher than tlm country 
adjacent, sloping approaches may lw necessary. They should not he alocpor 
than 1 of rise Lo 30 base. If the bridge have but one arch, or arohoB of 
erpntl height at llio crown, the roadway over it should ho nearly hmmmlal, 
the slopes increasing on reaching the abutments. If llio arches ere of 
dilTcicnt heights, tlm thickness of tlm roadway over each of them at the 
crown must bo llio same. These piecauliona aro mprisito to prevent un- 
epil loading of tlm arohofi, A perfectly level roadway over a bridge in leas 
easily kept dry, than one with an inclination both ways from Urn centre. 
By forming the road with a alight convexity in its cross section, with a 
slopo also lengthwise, must of tlm water fulling on a bridge will run along 
the gutters between the road and tlm footpath on each side. This water 
should bo conducted beyond tho end of Ihe wing walls, and thoro intro¬ 
duced into pucka drains, carried in llio most convenient direction to tlm 
low ground, 

97. Stone Bridge s,-—In largo Slone bridges, strong and durable stone, 
dressed with Iho chisel or hammer, should alone bo neod for tlm masonry of 
bridges of largo span, Tlm interiors of tlm piers and the backing of tho 
abutments and head walla may for economy be of good nibble, provided great 
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attention bo bestowed ou the bond mid workmanship. The bond of out btone 
in ashlar masomy is arranged like that of brick work, so that tho stuncs 
may everywhere break joint; tho greater the weight of each block the strong- 
er will the structure be. In all bridges whore largo stones are used, a erano 
has to be employed to raise and lower tho stones into their places. Wliero 
the masonry is exposed to violent shocks, tho stones arc not merely bonded 
but are jointed together, and iron cramps are used to strengthen them still 
more. This, howover, principally applies to masonry exposed to tho 
violence of the waves. Rubble stone masonry is very common iu thiB 
country, made of irrogular blocks or stone as taken from tho (prairies, or of 
large boulders found in the beds of hill streams. In tho latter case tlio 
stone should ho broken with the hammer so ns to givo a rough surfaco for 
the mortar to adhere to. Tho hod is prepared by spreading over tho top of 
the lower course an ample quantity of good mortar into which tho stono is 
firmly imbedded. The interstices between tho larger masses of stono mo 
filled in by thrusting small fragments of stono into tho mortar. Finally 
the whole course should be carefully grouted boforo another is commenced, 
in order to fill up any voids botween the full mortar and stone. Tho 
courses should also bo carried up horizontally. To connect, the parts well 
together and to strengthen tho weak points, tkrouglia or binders should bo 
used in all tho courses, and tho angles should ho constructed of cut or 
hammered stone. 

98. The temporary supports required during tlio construction of arolu» 
are called Centres or Centerings , and their construction for small urohes 
has been described in Vol. I., para. 253. 

Similar centerings with three or more ribs are applicable to road tunnels, 
and may be made into lengths of 10£ foot oacli, tlio lagging being nailed 
on to each rib and extending over at least two spaces; tlio joints, if any, 
being alternate, so as to hold the whole frame work well togothor. In 
building tho drain or tunnel, tho centering is first to bo fixed in its 
proper place, at one end of the work, and tho arch is then built over its 
whole extent. That done, the centre is struck (which is tho technical ex¬ 
pression for releasing and taking down centering) and it is moved forward 
very nearly its own length, taking care to leavo 3 inchos of ono of ifo 
ends underneath, but iu contact with the underside of tho portion of arch 
that has been built. In this now position, it is to ho made straight and 
level, and again fixed; when a second quantity of arch work equal to 
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its length may ho built upon it, when it in again nil tick, advanced, adjusted, 
and fixed, ami is ready lor a third length of work; and by this process, 
a tunnel may ho continued any required distance with only one short 
centering. Two or threo centerings of this kind will ho found very useful, 
when a large number of tunnels of the sumo span are to ho built on a now 
lino of road; wlioro, however, wood is dear and carpenters scarce, a solid 
centering of earth may lie formed, by tilling in between the side walls or 
abutments with rammed earth, anil then forming u raised surface of the 
same to tlio shape required. This mould is to ho removed by digging out, 
after the tunnel is completed, or so far as completed at any time. 

For bridges of largo spams, the centerings most in use in India are those 
with intermediate supports, ns shown in Vol. 1., Males XXJ V and XXLVa., 
which havo also boon described in para, 25!). In rivers subject to sudden 
freshes, it will bo advisable to build tho lower part of the centering pillars 
of brick in lime mortar, or at least to point them with Hitch mortar, or 
tlio mud cement getting soft will bo compressed by the superincumbent 
weight and cause cracks in tlio arch. 

When tho span is more then 30 foot, it will bo advisable to adopt 
a centering, composed of four or five timber framos constructed upon 
horizontal tio-boams supported in several places by brick pillars, from tho 
top of which struts should radiate to support tho main ribs in as many 
points as may bo requisite. These main ribs aro to bo preserved from 
lateral movement by crosB stmts and braces, and tho irregular polygon 
formed by them must be brought to tlio form required for tho arch, by 
supplementary frame work of slighter construction, under tho lugging. 

99. Striking Centrcs.—Wliun tho arch is finished, tho temporary sup¬ 
ports Lava to lie removed and for this pur¬ 
pose several methods aro used, which havo 
to bo provided for in tho design and con- <c 
sfcruction of tho centering. Tho most usual 
way is by moans of wodgos pLoed under 
tlio wall or pillar plalos, by tho striking of 
which on their sharp ends, the wall platos 
may bo gradually lowered. Those being 
double it is evident that if their small 
ends, act, are struck inwards the lino ab will bo lowered, and with it tho wall 
or pillar plato o, and anything supported by it. 
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Wedges should bo in sots of three; the middle one directly under the 
weight supported, the other two at equal distances on each hido of it; then 
by striking tho centre one first, the weight will bo equally supported by tho 
two side wedges, the centre one being refixed loosely, tlio side wedges may 
bo struck till the weight is again homo by tho middle wedge, and thus tho 
lowering may be safely and gradually effected. 

The wedges over each pillar should all bo struck equally and simultane¬ 
ously, but as this is difficult of accomplishment, it may bo sufficient if the 
wedges are struck in succession, loweiing slightly those in the cciiiru lino 
first, then those in tho two next lines, and so oil to thoso at the springing, 
taking caio that the lowering is very gradual and equable. 

In order to avoid tho necessity for sending men in under tlio arch to 
strike the centerings, the wedges may bo connected together on beams no 
as to pass outwards from tho two centre frames or liussos to either end of 
the arch; striking each beam inwards lowers ovary contra frnmo resting 
upon it. In centerings entirely supported at the springings of the arches, 
four such beams, or two on each side, only will bo required. In centerings 
on pillars, two will be required on each row of pillars, between the pillar 
plates and the trusses. In small arches thoso bourns may bo drivon Inwards 
with mallets, but in large arches the work may be done by a beam mount¬ 
ed and worked as a battering ram. 

The wedges should bo made of hard wood, and tlio beam above should 
also be hard and smooth; if a rough timber is placed on tho top of a badly 
formed wedge, there will be the greatest difficulty in getting tho latter to 
move at all, they should be thoroughly cleared of dirt and rubbish, and bo 
well oiled before the process of lowering commences, 

A still more gradual method of lowering centerings was used in con¬ 
structing tho Itoorkee aqueduct, yiz., by tho introduction of jack screws 
in the placo of the wedges prior to lowering; this was effected by tho 
uso of triple wedges, the middle wedge being struck out without affecting 
the centering; its place being then, supplied by tlio screw tightened up 
to receive the strain, tho outer wedges wore then struck away and tho 
pressure left on the screw. The screw being well oiled and fully up to 
tho work required of it, could bo turned by means of a long iron lever so 
as to lower tho centering almost insensibly. A row of thoso screws might, 
as in the case of the beams with wedges cut upon thorn, bo connected toge¬ 
ther, so as to work entirely from outsido of tho arch. With good coaler- 
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; n gs, however, mill well Inmeil arches, lilllo thinner in lo ho apprehended in 
standing under Ihe largest ami heaviest arch, whilst Hit* couloviiig in being 
lowered; it is rather eoimnon coarsely built arches or centerings, brought 
to tho form required by heavy masses of brink and lmul, from which dan¬ 
ger is to bo apprehended, ami in these eases, wedges connected together so 
ns to bo stiiie.lt from the mil,side should always bo used; or bettor still, 
such arches should never bo Imilt at all. 

The wedges nro also sometimes plaeed immediately under tho lagging, 
and being thus more numerous, each hears less weight, and can therefore, 
be moved will) more ease, and, consequently, with more eertaiuly; so much 
w that tho centering may ho lowered in parts and accidental distortion of 
tho arch by Hint means sometimes rectified. 

100. But by far tho host mode of lowering tho centres of bridges is 
by moans of Band-boxes or cylinders, which is llms described by Captain 
Fowko, 11.13., in his Report on the I’aiis Kxliiliition of 1855:— 

“ Ono of (ho most, interesting points in connection with the construction 
of this bridge (Pout do rAlinn) is tho method employed for striking tho 
centres by means of cylinders lilled with sand. Tho employment of this 
method does not produce tho slightest change ill the construction of tho 
centering itself, us the cylinder is simply sulislRuled for tho wedges on 
which tho centres arc supported. Tho apparatus consists of a cylinder of 
wrought-iron, 12 inches in diameter and 12 inches high, which is placed 
in a vertical position on a wooden plalform, on which it is prevented 
from slipping by a circular piece of wood, three-fourths of an inch thick, 
nailed to tho platform mid fitting the interior diameter of tho cylinder. 
Hear tho base of tho cylinder, at four equidistant points of its circum¬ 
ference, are bored holes 1 inch diameter, which are slopped by corks 
introduced from tho interior of tho cylinder, which is then Jillod to within 
2 inches of tho top with sand previously dried and passed through a 
fine sievo; and into tho space thus left is fitted a solid piston or plunger 
of wood, coinciding exactly with tho interior diameter of tho cylinder, 
about 10 inches high; tho whole apparatus which is thus about 20 in¬ 
ches in height, is then introduced under tho centres in lieu of wedges; 
anilM. Bouaiat, by whom this method 1ms boon invented and applied, gives 
tho following account of tho process of striking tho centres:— 

“ ‘ In striking contras, at a given signal the curies closing tho orifices in 
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the cylinders are withdrawn by ail iron rod about a foot long and 031 of 
an inch in diameter, pointed at one of its extremities and battened and 
turned up at the other. The sand then issues slowly until it has foimed a 
little cono opposite each, hole, and stops. When everything is ready the 
Engineer gives the order to lower from 2£ to 2 inches; then, by means of 
the iron rods, the men remove the cones of sand, and help its escape with 
the curved end in the event of its having got wet during tho progress of 
the work, until the piston shall have descended the distance requited, which 
will he noted by a scale attached to each piston. The workmen then al¬ 
lows the little cone of sand to accumulate and waits for a fresh signal, and 
in this way the centre descends gradually, and detaches itself uniformly fiom 
the arch without shaking it. It will bo seen that being completely master 
of the operation, leisure is given to make all necessary observations, so m 
to be assured that all goes on well, or to take measures should the contrary 
be the case. At the Pont d'Austerlitz, commenced the 20th May, 1854, 
and opened for traffic on the 8th November, the centres were stunk in two 
hours, and it might have been performed in still less time by placing a man 
to each of the cylinders, so as to lower all tho centres simultaneously 
Each arch of tho bridge was supported by 36 principals, and the enormous 
weight of both the masonry of the arch, and the metal of the roadway, 
bore on tho centres, they not having beon removed until after the opening 
of the bridge to the public.’ ” 

101 . This method has been lately much adopted in India, and the 
following aro examples of its application in particular instances (Profes¬ 
sional Papers, Vol. I.) :— 

“Many of the bridges on tho Mir/apore district aro built with ashlar arches of CO 
feet span and of great weight, neeeasitating a very strong centering ; this consisted 
generally of seven ribs of sSl timber, carrying for 1 a gains a layer of tho sleepers, 
afterwards used in the permanent way. Tho ribs wore kept vertical by being tied 
together with cross braces, and wore supported with four pairs of wedges under each 
rib in the usual way. 

“ The centering of our first arch was struck in tho old rvny; n man with a sMge- 
hammer was placed over each pair of wedges and at a given word they all struck 
together. Urom that moment the noise of the hammers lcndeied any further order 
inaudible, and the wedges came out one after the other, in no particular order, accord¬ 
ing to their tightness or the strength of tho hitting. The lcsult was most unfortunate; 
the heavy ribs came down singly, and in so doing broke from the cross ties, rod 
ultimately fell oyer on their aide and severely injured sonic of the hammermen. 
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„ It , ra3 thl3 accident which caused the adoption of sand boxes, winch wore made in 
the following way:— 



The box is made of 2-inch Bfil plank, 18' X 9' X O'iuaido dimensions the sides aro 
dove-tniled into the ends and the joints all secured with li-inch screws; the lop is loft 
open. Over this box and resting on the sand is a rectangular block measuring 
16' x 8' X S', so as to givo half an inch play at each sido find ono inch at tho otids. 
At each sidoof tho hottomof tho box arc a eon] ilo of 1 -inch holes sloping upwards 
and inwards, and closed tor tho time with woodon plugs loosely dilveu in and lulod 
round with a little moist, clay. 

11 When the arch is ready for striking, four of these boxes, (28 in all,) aio placed 
undereach rib as near as possible 1o tho supporting wedges, tho box filled witli dry 
sand, the block laid cavofully on tho saml so ns to bo clear ol tho inner edges ol tho 
box, and a pah of gieased wedges with only 1-inch taper aro driven with a baud hum¬ 
mer between tlio block and tho tic-bonm of tho ril). 'The old wedgos aro thou easily 
blocked out and the aich rests on tho sand and is freed by drawing out tho plugs, 

“ The same set of boxes wns used for sixteen arches without receiving any material 
damage. 

"This construction of sand-boxes nmy perhaps appear too simple to be worth des¬ 
cribing, and the only feature to which I wish to draw attention is that ilio surface of 
tbe sand is left uncovered for half an inch all round tho odgos and shows no tondenoy 
to overflow, notwithstanding tho enormous weight laid on it, if being tho property of 
sand not to tiansmit lateral pressure boyond a curtain auglo. 

“ The cential surface of sand on which the block is laid forms such an unyielding 
bed that in transferring tho weight of the arch and centering from tho old wedges to 
the sand-boxes, the gicatcat subsidence observed at tho crown was never more than ono 
eighth of an inch, 

“Tbe play thus allowed to tlio block is essential to its steady descent, because ns tho 
sand is let out by the sides, Its upper surface doos not remain horizontal, and tho block 
being no longer on a level bed would, if made to fit tight, most inevitably got jammed 
and stop or burst the box; any close fitting plug or piston will I think bo found to 
fail on this account. 

N 
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• I would suggest the following modification of the above construction as apph'caliU 
to very large spans, 01 to any case whole tie 
arch requires to lie let clown slowly or the 
process of lowering to he stopped at any point, 
“Dispense with the plugs and let the box 
stand on a plank a foot wider than itself so as to 
form a shelf 0> inches wide under the plug holes ■ 
thus the sand from the holes will stand on tins 
plank in small cones at about 30° to the horizon, 
and will stop the holes as effectually as aplun. 
By sweeping these conus away with the hand, 
the sand will escape and the centering may be 
loweicd villi any degree of slowness ; by letting 
the cones stand the process may he stopped. Bv 
the same means one part of the arch may he lowered quicker thou another, which n 
sometimes advantageous when cracks occur in unexpected places. 



Marina Bridge, Bengal —Six arches of 74 feet span. The centres woio designed 
with double longitudinal beams, the lower one carried on the posts and struts forming 
the supports of the eentie, and the upper one forming the tic to the series o{ triangles, 
forming the upper portion of the centres (vide Plate XXXII., Vol. I.) This upper 
beam rested on the lower at Q distance of 12 feet through blocks 8 x 8 x 12 inches 
of soft easily splitting wood (dhow). When the nick had been keyed, n strong sack 
made of double course country canvas (tat) made ns a tube, filled with dry sand and 
tied with string at both ends, was introduced between these two beams close to each 
blocK, a plate of stout plank (12 x 15 X 2 inches) being placed above and below to 
distribute the pressure fairly over the bag ; and finely tapered wedges in pairs were 
driven between the upper plate and the upper longitudinal beams with heavy mallets, 
until the weight of the centres in lien of resting on the blocks, was borne by the sand 
bags, and the blocks were so far loosened that they could be easily driven out of their 
places with a few blows of the mallets. Any individual blocks which could not be 
thus relieved, or were jammed, were split out by carpenters, but this was not found 
necessary in more than two or three cases. The blocks were then re-introduced into 
their places, hut laid on their sides instead of on end, thus leaving a space of 1 
inches between their ripper surfaces and the lower side of the upper longitudinal 
The whole centres now rested an the bags, of which eight supported each truss, or 
forty the complete centre. Eighty ordinary coolies weie now brought up, two to 
each bag, (one taking charge of each mouth,) and two or throe Europeans posted 
among them to see, and report, each order obeyod, Tho word was then successively 
given— First, to untie the up-stream mouths of each hug hut not to allow any sand to 
escape ; second, to untie the down-streani mouths ; third, to allow the sand to run out 
of the hags, when the whole of the centre sank gradually and steadily until it again 
rested on tho blocks placed to receive it, leaving the arch unsupported. 

It was really n very pretty sight to see the large mass of complicated timber fra¬ 
ming 74 x 24 X 16 feet, and weighing nearly 50 tons, besides the portion of (be 
weight of the arch of masonry resting on it, gradually subside, with a motion bo slow 
and smooth that it was perfectly unnotieeable even while standing on it, except by the 
separation between the lagging and the arch, and the approximation between the tag* 
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itudinal beams s so uuifoun was the motion, that not oven n creak was heard from any 
' • t of the frame, ami the tiuio occupied by tlio movement did not exceed one minute. 
The amount of siuknge at the crown of thu arch was accurately noted by means of 
tvo heavy leaden plummets weighing 8 to 10 lbs. each, and having a small brass 
scale attached, ono of which was lmng from either side of Ilia crown by ml iron wire, 
and rested in a tub of water below to check any oscillation of the plumb-bob ; conse¬ 
quently the depth to which the scalo wasimmeised before and after striking, being 
carefully noted, the difference showed the exact amount tho crown of the areli had 
sunk • this measurement was [urlhov checked in some arches, by observing a point on 
the key of the areli from a distance, through tho tclcscnpo of a theodolite. 

103. Various periods have been laid down as proper to allow between 
the keying and Hie unconlcring' oi arches, Lliongh iL him been generally 
agreed that immediately aftor the completion of the areli, the centerings 
should be slacked a little so that tho bricks may closo in and compress llio 
moitur, And certainly this should be clone before tho facing, spandrel, and 
outside parapet walls are built njion the arches, boranso a trilling change of 
form in the areli may occur by its settlement without impairing its strength, 
but which might crack and disfigure the external fauo walls; but if they 
are not built until the, areli has taken its final sot, there will bo no danger 
of their being afterwards deranged or disfigured. Arches have boon safely 
uncentered immediately after keying and bare changed their shnpo but 
slightly; centerings have also been left tip ono and two months, and even, 
six months, and though on their removal, the arches havo not sunk at all, 
yet they have done so occasionally after tho addition of tho weight of the 
superstructure. It is clear that any change of shape in tho arch mind be 
less prejudicial to its strength, while the mortar is soft, than after it lias 
set, for, should any settlement then take place, the work must become 
crippled. 

When, however, a large arch has been built on a solid centering, or one 
that cannot be properly and equally lowered, it may be requisite) to allow 
the arch to set, at least partially, before proceeding to remove such a cen¬ 
tering, which, moreover, lias probably allowed by its compression, of some 
degiee of settlement in the arch. 

103. In illustration of the foregoing paragraphs, a fenv examples of 
Indian Masonry Bridges actually constructed aro apponded; from Profes¬ 
sional Papers, Vols. I, IL, and III. 

Solan Bridge—Lahore and PesJmvur Load .—The area drained liy tho Solum at 
tho site of the bridge is about 673 sqiuiro miles, and is very compact, in shape. Tho 
gicatcat depth of tiie river in floods is 15 feet, and the menu velocity about or 0 feat, 
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per second. The slope of the bed is at the late of 14 feet per mile. The calculated 
mean velocity is 13 feet per second. The discharge calculated from cross sections of 
the stream is in extieme floods about 91,000 cubic feet per second, which is equivalent 
to about one-fourth of an inch over the entile catchment basin. The bed of the nver 
exposed to view, consists of boulders ; water flows all the year round, and is never less 
than 1 foot in depth. The tine bed of the nver is the haul led clay of the country, 
over that a layei of blocks of conglomerate, and over that some 12 or moiefeetof 
boulders. 

At the site selected for tlia bridge, the river is rather wide, being over 1000 feet, 
while a few hundred feet higher up the width docs not exceed 760 feet. (See accom¬ 
panying plan.) The clear waterway of the bridge is 045 running feet. 

The design consists of 15 spans of 83 feet each, entirely of masonry and the bridge 
is floored throughout. 

Specification.—The foundations to rest throughout on the clay bottom of the river. 
The masonry below the flooring to he of coursed rubble, the tacos not to he dressed. 
The floor to consist of large blocks of stone well fitted, and the end stones to be of the 
largest size and cut to fit closely. 

IFrom the floor to the spring of the arches the masomy to be of the best coursed 
rubble in large blocks with dicssed faces. The imposts to he accurately cut. 

The arches, spandiel walls, and super structmo of parapets to ho of best brick-work 
The cornice to be of cut stone. The surface diainnge of roadway to ho discharged 
through the crown of each aich, by an iion pipe just clear of the wlieelguard. 

The entire surface of the loadway to he metalled with biokcn stone. 

The stone to be used is sandstone, from the quarry on tl}o Leh Nullah, and irons 
bnt the very best quality of stone is to be put into the work," 

Estimated cost, Rs. 4,28,271. 

Marlainda Bridge, 'Punjab .—During the floods of the rniny season, the river lisi 
a depth of 6 to 9 feet. Erom observations and surveys marie in 1869, the following 
discharge of the river during flood was obtained. The observations were made about 
3 miles above the site of the bridge, where the banks of the river are well defined. 
Width of channel, . . . 1,377 feet, 

Area, ..... 6,938 „ 

Rate of fall, .... 3.72 feet per mile. 

Mean velocity, .... 5T5 „ per second 

Discharge, .... 35,730 cubic feet. 

In 1845, a flood rose 18 inches above the bank of the river, giving a discharge o£ 
47,838 cubic feet; nothing approaching to this has occurred since, 

The Government of India, gave the following specific instrut lions for the pre¬ 
paration of the design. 

The width of the roadway to be 28 feet, the depth of the pier foundations to lie 
limited to 15 feet, and that of the curtains to 12 feet. 

The bridge to be divided into five sections by abutment piers. 

The waterway not to exeed 1,073 running feet. 

The nature of the foundations of the bed of the river was examined, bnt no¬ 
thing hut sand, or at best, a clayey silt, was met with, to a depth of 40 feet. 

The total length of the bridge is 1,400 feet, and the height of the roadway abovfl 
the bed of the river is 24 feet. 
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Specification. _The curbs for the wells to he made of kcckur, tnllec, jnimin, or 

other sound jungle wood ; they will bo 9 inches in thickness, put together in threes, 
and firmly secured together by wooden treenails of seasoned keelau' wood. TilO 
masonry walls of the wells tiro to be 9 inches in thickness, and mo to he built of 
radiated bricks, moulded or cut to tho proper form, and laid with mortar composed of 
two pads of soorkheo, to one parL of freshly sluiced stono lime, burned on tho works, 
and well mixed together in a mortar mill in the usual manner. 

All bricks used in the woilt are to he soaked for nt least six hours previous to their 
being used, and the masonry is to ho kept moist, to pre vent, the too rapid desiccation of 
the mortar, until tho mortar gives indications of setting. Tho walls oC tho wolls nru 
to be carried up 6 feet, and allowed to dry for at least ten days, when tho imdcr- 
sinking may be commenced. 

The whole of tho wolls of one pier or abutment, are to bo midorsnnk together j 
when the wells have been sunk 3 or i feet, then the walls may bo raised G feet mores 
when the wells have been sunk 8 foot, then tho walls must ho weighted with kueba 
pnekn masonry, to facilitate tiro nndersinking, ns well as to prevent tho walls parting 
from the curbs. 

When the wells for tho curtain walls have been sunk to (heir fail depth, tho exen- 
ration for the concrete, which is to bo Laid between tho wolls of tho piers, (as shown 
on tho dinwing) as well ns for tho concrete beneath the flooring is to bo commenced. 

As soon as a well lias boon sunk to the required depth, it is to bo filled nt oneo with 
broken brick to the required level. In laying tho oonoroto, 0 inches is to be laid and 
consolidated at a time, water from the foundation having been removed by pumping. 

In undorsinking tlio wolls, tho old system of jhams and divers will ho dispensed 
with ns much ns possible ; pumps will ho used to Icoop down tho water in tho well, and 
ordinary excavators will ho employed, tho material being brought, up by menus of a 
backet and windlass ; when tho material at the bottom of tho well is slush, tho Imelcot 
is to have a valvo in its bottom so as to fill itself. 

In the piers and abutments, tho bricks will bo laid in English bond, with lull C- 
inck joints, and grouted every course. 

As the work advances, the hardest and host shaped bricks will lie Hot asido for tho 
arches. Each arch will bo divided into several portions, by joints running com¬ 
pletely through from so fill, to back, tlio bricks being laid in those successive portions, 
alternately in rings and blocks, with joints running entirely through tho nrcli, from 
soffit to tho hack. English bond will bo used in tlio portion laid in rings, tho thick¬ 
ness of the arch being divided into two equal rings ; tho blocks in which tlio joints 
run through, are not to exceed four bricks in thickness, measured on tho soffit. Grout 
care will bo taken in laying tho bricks which form tho ltoys of tiles arches ; thin tem¬ 
pered mortar or grout being used, and tho joints well wedged up with hard pieces of 
brick; in keying in the nrcli, tho first course on tho soffit will ho formed of a thick¬ 
ness of three bricks laid on their ends, in very thin mortar • the next course will lie 
formed of five bricks, laid also on end, and forming continuous joints with those be¬ 
low them j this course will be laid in grout. By dividing tlio length of tho course 
into several compartments, separated by a single row of bricks, laid in mortar, the 
grout may be poured into those compartments, and tho bricks he set in it, and tho 
joints then filled with pieces of brick. 

The haunches of the arches will be carried up and allowed to sot before bringing 
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up the remainder of the arch. Care must ho taken to loud the cunvns of the centre? 
to prevent springing. 

The arches will be turned on regularly framed timber centres ; tlie&o will he sup- 
ported by timber strut'.; each point of support will be capped by a strong wooden 
pillar plate ; on this will stand a cast-iron cylinder fitted with a wooclcn piston. The 
cylinder nill be 0 inches in diameter, of sheet iron, in thickness ^,-incU and 12 inches 
in length, open at both ends. It w ill have 4 half-inch holes ; at half an inch from tlm 
lower end of the cylinder, these holes will be fitted with four wooden plugs so that 
they may be pulled out and inserted by the hand j each cylinder will have a solid 
wooden piston fitting it freely, and of the same length as the cylinder ; the cylinder? 
will be filled to inches of their length with clean sand, on which the wooden piston 
will rest, When it is desired to strike the centering a man will be stationed at each 
cylinder; at the order being given, they will simultaneously pull out every man his 
four plugs ; the sancl will he allowed to riui out until it forms a sort of semicono on 
the pillar plate opposite each hole, when the sancl will stop running until the sand 
outside he cleared away ; on which, it will fun again from the cylinder, and so on ; 
care must bo taken that no moisture finds its way duvut the sides of the pistons at the 
cylinder. 

The centres w ill he slightly eased immediately after keying the arch, hut the cen¬ 
tres are not to bo struck until six weeks at least have elapsed after the keying in 5 a 
longer time w ill ho allowed if convenient. 

The mortar to be used cm the work is to consist of one part of freshly' burnt stone 
lime, and two parts soorkhce made from pieces of pucka bricks, and ground in a 
mortar mill in the usual manner ; that used for the fuce joints to be ground in a 
hand mill. 

The concrete will consist of tiie following proportions :— 

1 part of stone lime. 

3 parts of soorkhce from pucka bricks. 

C parts of broken bricks, kunkiu' or stone, two-thirds of which not to be huger 
than a hen’s egg. 

The concrete to bo mixed together in a little tank close to the woik and thrown in 
from a height ; no plaster will he used on any portion of the work. 

Estimated cost, Rs. 3,(11,180. 

Ganges Canal Bridges .—Some of the details of their construction, are only appli¬ 
cable to Canal bridges, and there are no two of them oxnctly alike, but a general 
description will be useful, as the whole of the bridges on this Caual may be said to 
be excellent specimens of brickwork. 

The first-class bridges consist of three arches oE 55 feet span each, with pliers 7 feet 
thick. Although exhibiting in the intrndos an elliptical curve, the arches me all 
perfect segments of circles of GO degrees, with the voussoirs of the courses radia¬ 
ting to one centre ; they are built with bricks 12 x 6 k 2J inches. On some of the 
smaller bridges, nibble boulder masonry, and block kunkur have been used, the arches 
being of brick. The mortar used consisted of 1 part stone lime to 2 parts soorkhce, 
or 1 part stone lime, 1 part soorkhce, and 1 part sand. 

The foundations varied from 4 to 10 in depth, where the ground was hard and of a 
tenacious quality. When the foundations were laid in sand, extra depth was given 
and wells were used, where necessary. All these bridges have floorings with curtains 
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on tie waterways (as deep as the river foundations), partly to give additional security 
to the bridge and partly to act us bars for retaining the canal levels. 

Besides winch, where the canal bed is sandy or of ft liglii soil, the floorings arc tdl'- 
ther protected by a mass of boulders in crib-work, 10 toot wide, and protected on tho 
np and down-stream side by a line of sheet piling (acc section). 

The roadways are horizontal, and of a width varying from 18 to 2G feet in the clear 
according to their importance. 

The centerings used arc shown in Vol. I., page 289. The thickness of tho arch is 
3 feet. Tire brieka are laid in common bond with v cry lino joints, comentrie lings 
not being need. The centerings were always gradually lowered within a low hours 
after the keying of tho arch. The mean ultimiite.seitlenieiil wus about 1! inches,_ Tho 
average cost of a bridge without gluils, was Ha. 22,121, or Us. 11(1 per lineal foot of 
waterway Average rate for masonry, being Its. 14-7 per 100 cubic feel. 

Bridge across the Turn Jim pom ncr/, Tin iicvil/;/. —This bridge was designed by 
Captain Paher, aiul Imilt by Lieut. Hoislev, Madras Engineers, in 1842 ; it consists of 
eleven elliptical arches of (ill feet, span and 17 (cut versed sine, standing on ten piers 
avetnging 10 feet in height and the .same in thickness, mid two nlmtments measuring 
15 feet in thickness nt the springing courses. 

Tho breadth over tho soffit nl the arches is 27 feet, of which 21 foot arc occupied by 
tire roadway, ami 1 j feet on each side by the puiapels. The tidal length between tho 
abutments is 7G0 loot, or from the extremities of tho wings 980 feet. Tho stylo of 
architecture is similar to that of Wulcrluo bridge over the Thames at London. Tho 
upper and lower faces of the bridge are ornamented with rows of coupled Doric columns 
shmdiug on the ends of the piers and supporting an entablature and ’balcony above. 
The paiupets are of open balustrade work (indy polished with shell chiiniim, presenting 
an appearance of white marble, mid giving to tho whole Hlrnetiu'c an imposing effect. 

The foundations of all bat throe piers, rest on hard kiinkrtf rock at tho depth of 3 
or 10 feet. Those three being situated m the sandy part of Hie river's bed, with « 
constant depth of 0 or 4 feet of water, were built on 8 rows of nella of 1 feel inner, 
and (3 feet outer diameter, to the depth of 10 feet, where a firm clayey bottom was 
met with. The wells weie then filled in with cubes of masonry (unnlo lo lit the inner 
diameter) and tho spaces between, with nibble atone in cement to the miiToco of the 
water. On these, ns n foundation, were laid three courses ol rough stones from the 
Palnmcottn Fort walls, faced wiLli cat stone, and bound together with iron cramps, 
set in lead. Above these, ngnin, came brick in cluumm to tho required height. Lines 
of wells were also sunk in front and rear between Nos. C ami i) piers, to net ns retain¬ 
ing walls to tho pavement or flooring, which it was thought advisable to lay down for 
the protection of the foundations. 

The centering adopted is slimvn in Vol. 1., Pluto XXTVa, and consisted of four 
parallel finmes of anjclly timber (prnenred from Cochin) supported on twenty piers 
of brick-work built up to within one foot of tlm spring of the arch, wilh n wedge of 
the form shown in the plate on the top of each pier. Tho frames worn connected 
transversely by struts and braces, nnd on top by palmyra pieces supporting tho Rinding 
or mould, formed of bricks and clay (1 foot in thickness all round, and agreeing 
exactly with the curve of the intrudes.) 

The arch bricks made use of in this work wore of differont forms and sizes, to suit 
the radii of tho curve, nnd laid according to the English bond, headers and stretchers 
alternately. Extra sized bricks were also used to break the joints. 

The mortar was composed of 1 part of slaked limp, to parts of clean river sand, 
mixed with a little jagherry. 
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WOODEN BRIDGES.* 

104. Wooden Bridges arc common in all parts of Tndia where timber 
abounds, and where cheapness and expedition arc important; wood lias it« 
objections in being less durable than cither brick or stone, but if covered in 
and protected from the weather, it may be made to last a considerable time. 

A timber bridge consists of threo essential parts; lstly, The frame or 
truss which supports the superstructure between tho piers and abutments; 
2ndly, The superstructure, consisting of the roadway, parapets, &c., &c.; 
and, 3rdly, The abutmeuts and piers, which form the points of support for 
the bridge-truss. 

The first of these, viz., the truss which supports the roadway, is by far 
the most important part of any bridge, and that which admits of the 
greatest variation in form and principle, and it is to this, therefore, that 
attention will be chiefly directed in this Chapter. 

A bridge-truss is usually one of two or more parallel frames of carpen¬ 
try, which act as girders in supporting the cross-beams or joists of the 
roadway platform. The most elementary figures of bridge trusses are like 
those of roof trusses, the triangle and the trapezoid, and the principles of 
their stability and equilibrium are tire same; except that in a bridge-truss. 
special provision must be made for the unequal distribution of the load, loth 
transversely and longitudinally. 

The most simple support for a roadway evidently consists of a series of 
longitudinal timbers laid between two abutments, or piers. And, as the 
examination of this ease will lead by easy gradations to others that are more 
complicated; and as it involves many of the principles which apply to struc¬ 
tures of a more important character, both in Wood and Iron, it will be 


* 7 Indebted ta Lieut. Coirwaj Gordon, It.E., Assistant FHnHpal, for nomly the wholo oi 
fhi* fhipter 
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useful to investigate the forces which act upon a single beam laid between 
two supports, and loaded with a weight, either uniformly distributed or 
concentrated at any given point, 

105, Let AB represent a beam loaded in any given manner and sup~ 


1 

1 9- 


ported at A and B ; and let 
^ Pi, P 2 represent the sup- 

_!, porting forces, or re-actions 

'Ha o 

E 

B j'; 7 of tho abutments, which will 


V 

Q„ 

depend both upon tho amount 

Q< 


of the gross load, and its 

mode of distribution. 




Conceive a vertical section perpendicular to the longitudinal axis to de¬ 
ride the beam into two parts at any point C, and let Q„ bo the resultants 
of the loads upon AO and CB. 

Then, since the segment AC is acted upon by the two external forces P„ 
Q, ; it follows that if the beam be strong enough to sustain tho forces applied 
to it, there must bo a vertical stress or shearing force distributed over the 
section at 0, which is equal and opposite to the resultant of those two forces. 

Therefore if S represents this sheaving force 

S = P, — Qj = Pa — Qs 

and acts in the direction of the lesser force, or vertically downwards. The 
effect of this shearing force is to crush across the fibres dose to a fixed 
point, and the resistance which the material oilers, is directly proportional 
to the area of the cross section. 

It is evident too, that, the two equal forces P, and (Q, + S) applied in 
parallel and opposite directions, but not in the same line of action, con¬ 
stitute what is called a couple , whose tendency is to turn the segment AO 
round, or to bend the beam. 

The moment of this couple, or the sum of tho moments of tho three 
forces P„ Q„ S about any point in tho line AB, constitutes the handing 
moment of the beam at tho vertical boetion in question. 

The effect of this bending moment is to compress tho fibres on the upper 
side, and extend them on the lower, the strain on any fibre varying directly 
as its distance from the neutral axis; or in other words, tho bending moment 
arising from the load is resisted by the moment of tho couple consisting of 
the thrust along the longitudinally compressed layers, and tho equal and 
opposite tension along the longitudinally stretched layers 
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It therefore becomes of the highest importance to he able to ascertain 
the shearing force and bending moment, at every point of a beam or girder, 
in order that every part may ho properly proportioned to the stress it may 
be required to sustain. 

IOC. To find the shearing force and bending moment at any point aris- 

tni/ finm a single load —Let 
t P ' A15 represent, a beam sup¬ 

ported at. A and 1!; and, clis- 
;" _ r ——3-—-gJ . regarding for tliu present its 

✓ [ own weight, let it ho loaded 

,, at 11k* point U will) a weight 

W. Tukc l*„ P, to repre¬ 
sent the supporting forces Ail, the span = /, At 5 a. 

Then P, : P 2 : W :: CB : <JA : AB :: l-a : a : / 

P, = W. !U rd |» J = W . " . 

Then since from Art. 105, the shearing force at any given cross-section 1), 
is the resultant of all the forces acting on t ho bourn hum either point of 
support to that cross-section, and the only force which nets upon AD is 
P , it follows that the shearing force B, at the point I), is I*,. 

The same result could ho obtained by taking ihn msullunt of the forces 
which act upon the other segment 13B, for thou B would equal W—P, 
or P„ the same as before. 

As this is true for any point botween A and C, ami, as in a similar way 
it might bo proved that the shearing force at any point between 0 ami 3) 
is P 2 , it is obtained that in a beam, when the might is 1 not applied in the 
middle, the shearing fioives on cither side arc constant, and ei/uiil to the pres¬ 
sures on the points of support. 

To find the bending moment at any point 13, let AI) = ancl bending 
moment = M. 

Then taking moments about A; which is perhaps the most convenient 
placo for doing so, 

M = S x a — P x o = S s = P, g = W ‘” ( J - n) ■ 

In a similar way, for any point d on tho other side of tlm weight W, 

M = S x d B = P a (i - *) = W ’ a - ( / ~ ,(,) • 

107. When the weight is applied at the centre, 
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T>, 


W 


P, = ; and consequently; 

the shearing force is constant at even / point mu! equal to half the weight. 

At any point a; for the lmlf of the beam towards A, bending - moment 

J[ — . a*, and in the otlicr half, M = -^ (7 — or). 

10S, To find the shearing force and lending moment at any point aiisirg 

from a uniform load .—Lot the 
beam ATI be uniformly loaded 
willi a weight w on each unit 
" of length, so that the gross 
weight W — hr, and as before 


V = V — W = 


7 id 


Let D bo any point in Ilia beam at a distance tr from A. Then, as the 
beam is uniformly loaded, the weight upon AJ) := xw acting through its 

centre of gravily 0, at a distance from A. 

But since the shearing at, D is the resultant of all the forces acting upon 
the segment A D, 

Shearing force S = P, — wx ~ — irx = tr - o-J 

Ilcnc.c it follows that in a beam uniformly loaded, the sheening forces 
are exactly proportional to the distance from the centre, whore, the shearing 
force vanishes. 

To find the bonding moment, tnko moments about A; then ns before 

M =: wo;.— + K • f = ,j + w.r — aj =- - — . 

Hence, in, a beam uniformly loaded, the greatest bending moment acts at the 
centre, and = 

ft 

109, In a similar way, if llio beam bo divided into N divisions, each 
ecpial to and loaded with a weight w at each point of division; tlio 

points of division being numbered from both ends towards tlie middle. 

Since tho total weight = (N — 1) tu 

and P, P a = — w. 

The shearing force immediately beyond 

1 st division, from either end = —-n - w — u> = 


{V -*} 
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2nd division, from either end = j ^ 2 ~ — 2 [to 

3rd „ „ ={^i^- 3 } w 

and generally, 

nth „ „ = ~ ” I 1 " 

Similarly, by taking moments about either point of suppoit,—bending 
moment immediately beyond 1st division from either end 

f H“-l ,1 1 i _ W l /"VT 1 \ 

= {— - 1 f W -N + M, N = 2N^~ 1 ) 

2nd division = j —g-2 j w . ^ -f- -jy + ^ ■ 2 (N-2) 

3rd division = j —g— -3 [» s + f + If + 1T = 2N ' 3 ( N ~ 3 )- 
and, generally, bending moment immediately beyond 

nth division, from either end — ^ • n (N — «). 

110. To find the shearing force and lending moment arising from a 

partial load of uniform in- 
' p ' tensity. —.Let the beam AB 

be loaded for a length AC, 
=r — a , with a uniform load w 

||*-Z-on each unit of length, so 

,, w=<tw . that the gross load W = 

aw. Then since W acts at 


a distance — from A 
therefore 


Pi=W.Li=am (l ^) 


P . = f ¥=«'T 

Hence it follows from the reasoning in Art. 106 ; that between 0 and B, 
the shearing force is constant and equal to w , ; and from Art. 108, that 


the shearing force for any point between A and C, at a distance x from A, is 
aw(l-^)-xw. = w(a ~ - m ) 

Consequently, since the shearing force at any point D in the unloaded 
segment = w -^- or varies as a 2 , it will le the greatest when the longer of the 
two segments is wholly loaded, and the shorter unloaded, a fact of the great- 
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cst importance in finding tlio greatest shearing force nt any given Motion 
owing t<* a travelling load. 

Rom Art. 106, itia evident, tliat at any point D in the unloaded segment, 

M=Bx(l-*) = (l - w). 

And from Ait. 108, tliat at any point in the loadod segment, 



111, Similarly, if the beam be divided into N divisions, each equal io ~ ; 

the points of division being numbered from both ends towards the muldlo • 
if the beam bo supposed to bo divided immediate})/ before the «lh joint, and 
each of the divisions in the longer segment, including the nth division, bo 
loaded with a weight w, tlio otliois being unloaded—the shearing fomo at 
point of division 

-¥13- (■" ~ n ) w ‘ 

Mly. —If tlio boom be supposed to bo divided immediately beyond tlio 
nth joint, and all tlio division!) in the shorter segment, including tlio 7( th 
division, be loaded—the shearing force at point of division 

n . n + 1 
= *8H ■». 

118. To find the effect of combining several loads on one beam , whose 
separate actions are known. —For each orosR section, tlio shewing f 0 ieo is 
the aum of tlio shearing forcos; mid tlio bonding moment, the bum of the 
bending moments, which tlio loads would produce separately. 

113. Travelling load.—A. hoam of tho span l is supported nt tlio two 
ends; a permanent load of a uniform intensity, w lbs. per lineal foot, is dis¬ 
tributed over it, An additional load, such ns tho weight of a railway train, 
of«/ lbs. per Iiueal foot, gradually rolls on to the bourn fiom one end, cover¬ 
ing it at last from end to ond, and then rolls off again at the other end— 
it is required to find tlio greatest shearing force and bending moment at 
any given section. 

Prom Art. 110, the greatest shearing force at a given cross-section occurs, 
when the longer of the two segments into which it divides the beam, is 
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loaded with the travelling load as well as with the permanent load, and the 
shorter is loaded with the permanent load only. Let S' denote that force, 
and x the distance of the section in question from the nearer point of the 
beam; then from Arts. 108 and 110, 


S' = w {l- x) + 


n-'Jl - «r}» . 
2 l 


The greatest bending moment at each section occurs when the travelling 
load extends over the whole of the beam, so that in this respect no differ¬ 
ence exists between the present case, and Art. 108, that is to say, 

,r __(>'■ + »") ,r. (/ — ,r) _ 


For timber bridges not carrying railways, the values of ir and in' are nearly 
ns follows :— 

When there is a simple wooden platform le = "0 lbs. per square foot. 
,, a broken stone roadway w =• 1110 „ 

Now, the greatest stress a roadway bridge has to sustain is due either 
to a dense crowd, or to the rapid passage of some heavy object, such ns 
a loaded elephant. In the former case, a weight w' — 120 lbs. per 
square foot, may be supposed to he gradually and uniformly distributed 
over the bridge; and in the latter, a sudden weight, ir, applied at the 
centre, where its bending moment will he the greatest; and in this latter 
case, the coefficient of safety, as shown in the next article, must bo 
increased. 

The weight of a loaded elephant is assumed as 10,000 lbs., supported 
on two points, 5 feet apart. 

114. Swiftly rolling load .—A suddenly applied transverse load pro¬ 
duces double the strain which the application of n load, gradually in¬ 
creasing from nothing to the amount of the given load, would produce. 
The action of the rolling load to which a bridge is subjected is interme¬ 
diate, in those cases which occur in practice, between that of an absolute¬ 
ly sudden load and a perfectly gradually load. The additional strain 
arising from the swift motion of the load, must he provided for in prac¬ 
tice, by making the factor of safety for the travelling part of the load, 
alout half as much again as the factor of safety for the fixed part. 

115. Allowance for weight of beam .—When a beam is of great span, 
its own weight may bear a proportion to the load which it is to carry, 
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sufficiently great to rc<juire to lie taken into account in determining Lh« 
dimensions of the boam. The. following is (he process to ho performed 
for that purpose, when tho load is uniformly distributed, and tho bourn 
of uniform cross section. 

Lot W' be the external working load, s' its faclor of safety, s a 
factor of safety suited to a steady loud like the weight of tho bourn. 

Let V denote tho breadth of any part of the liemn, ns computed by 
considering tho external breaking load alone, .s' \Y". Compute llio weight of 
the beam lrom that provisional breadth and lot it be denoted by W. 

Then yy is the proportion in which 1 ho gross breaking load exceeds 

the 'external part of the load. Coiisei|ueiilly, if for the provibimal breadth 

// *' V\" 

4 ', there bo suhslituled the exact hreadlli b = _ 

the beam will bo strong enough lo hear tho proposed load W' and its own 
weight. 

llfi, As tlio host millionth's differ .somewhat in t ho rules they give 
for fixing tho scantling of tho main pieces of limber Hint compose a 
structure of carpentry, it is as well to remark flint in ail eases llio follow¬ 
ing foimuhu luivu been used in calculating llio scanllings of rectangular 
beams. 

For transverse strain. /nl J = T. . (1) 

For ties and stmts whose length does y f f It 

not exceed twenty times their tliioknoNs, J /. 

For struts', whose length is over twen- j If t> 

ty times their thickness,./ ' JlOii,lKK) 'li‘ . ^ 

For ties and struts acted upon by a, ^ ^ 

transverse stress in addition to that along’ l i = | ^ - 1 - | -r/ (d) 

their lines of resist mice,. / 

"Wliero M — the greatest working bending moment in inch pounds. 

IT = the greatest working direct stress, whether tension or 
thrust in. pounds. 

I, b, tl, represent the scantling of the beam in question in, incites; 
and/, tho greatest biife working intensity of stress, whether 
compressive or tensile for a permanent load, which it is usual 
to limit to 1000 lbs. per square inch of section, ( vide Chapters 
VII. and VLI I. of Vol. I.). 
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117, To calculate the scantling of a beam , fanning one out of several 
girders laid from abutment to abutment , and supporting the roadway plat- 
form, —Let S be the span, and B the breadth of the bridge in inches, and 
n the number of girders of breadth l, and depth d inches; and lot the per¬ 
manent load be represented by w, and the greatest travelling load either 
by w' lbs per squaie foot, uniformly distributed, or by W lbs. applied sud¬ 
denly at the centre. 

The weight per unit of length due to w = 


, , B m‘ 

„ to to = — rn’ 

” ” n.lH 

from Art. 108, greatest bending moment due to w and to' 

. B (a’ + it’ 1 ) S 3 

1S '~fnrr • t 

and from Aits. 107 and 108, gicatest bending moment due to to and W 
, B» S 3 , W S 

1S m.141 1 8 ^ 2 ‘ 2 

Hence, from equation (1) Art. 11G ; 

hrP _ fl BCto + w 1 ) S_ a v _L ■ or - / Hi"-’ B* . 8 W H1 J 
~ ' k . 114 ‘ ' 8 * 1000’ | ft.M't ’8 T 2 . 8 ■ 2 JTOOO 

the bending moment for the suddenly applied weight being increased by onc- 

half, according to Art. 114. 

From this, the value of bdd can he found, so that by assuming the depth 
such as to avoid excess of deflection, the breadth is at oneo ascertained. 

•) 

The depth of a beam should not be less than about y - Iho span. 

Example ,—To find the scantlings of the giideis I’m the hi id go i cpieseutcd. in Plate 
XXV., Fuj 1, consisting of 18 beams, supporting a roadway of liiokcn stone 18 feet 
wide, the span being 15 feet; upon the supposition of its having to sustain a dense 
croud. 

In this case S = 15 feet = 180 inches. 

B = 18 „ = 21li „ 
m = 130 IBs. per square foot (Art. 113). 

= 120 „ 

n = 13 „ „ 

/. Greatest bending moment = + ,2 °) . 1?»! 

_ 18 X 114 8 

Hence from equation (1), Ait. 116, 

_ 6 x 210 x 250 X ISO 3 „„„ 

S B - Wx 144 X 8 x 1000 = 701 > neftVl3r ; 
and assuming the depth as 10 inches, the qnovisional hieadtli of tlic beam will ba 7 
inches. 

Assuming the weight of the beam as about 400 IBs. the external load being 5200 
lbs. nearly, from Art. 115, 
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(i°00 7 x 13 

Propel bieadtli = 7. — _ ; [ (]() = = 7} inclios, nearly. 

Heucc the piopcr scantling is 1.0 by 7>. 

Example 3._To find tlie sunilling of the snino beam, upon llio supposition of Ilia 

briclo-chaving to Buppoit two loaded elephants a-biensl, cilcli weighing 10,000 llm. 

, , , 21(1 X 130 x 13» a , r .. 1n „ 

Gient bending moment due to w = — (< j-——i and Jiom Alt 10G, consi- 

(ieimg that tile suppoila of tlio two elephants will lie 5 feet, fiom either oxtioiniiy i 

20000 X fi X 90 

the greatest bonding niomoni at tlio contro due to W := A- • 

,, fi (210 X 130 X ISO 3 3 20000 X G X 00) 

Honco id - i0Q() | J,)xUt + 2 ’ 15x13 / 

= (i | GO 75 + 00-281 = 780, nearly. 

And assuming, ns ho Coro, tlio depth of tlio bourn as 10 im lies, Iho provisional bioadth 
mil bo 8 inches, ncaily. 

And since the gloss load = - T — + ~pr = 2700 -+•1500, nomly ; if 

then eight of tlio honm lie laltou as Iiofnio, the proper luendth = 8. a7() y j q(|q™jqq 
= 8. t~ = 9 neatly j or the pi oper scmillmg is 10 by !). 


118, Trapezoidal truss .—"Wlicn tlio span becomes considerable, simplo 
timbeis aro insufficient, and framed trusses become necessary, Whatever 
may be their particular form, tlio object in every easo is obviously to dispose 
of a given quantity of material, so as to resist effectually all tlio forces 
which tend to produce vupturo. 

The commonest example in practice is that of tlio trapezoidal truss, 
either Bpringing from a tie-beam as in Fig. 1, or from a pair of abutments 



as in Fig, 2, which figure 
is well suit oil for spans 
of 30 or 40 foot in this 
country, ns it can bomado 
up with short timbors. 

This truss consists es¬ 
sentially of two struts, 
AE, FB, or ae, Jb , kept 
apart by the straining 


beam EF or ef ; the roadway being either suspended by menus of tlio 


ties EG, FD, in Fig. 1, or clso resting immediately above the trues as 
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To find the stresses r upon the different bars of the trapezoidal truss 
Fig. 2. AEFB. — Let AO 

— l'i CD = l', ami 
breadth of bridge = B 
all m inches, the number 
of trusses = n, w the 
permanent load, and w ' 
the greatest travelling load per square foot; and the inclination of the 
struts to the horizon = a. The point F may be assumed to sustain 
one half the load upon CD, and one half that upon DB, 

the load sustained at F, or the stress upon tie FD, 

— w _ Q_±D O + B 

2 ‘ 14J . n ' 

And since the sides of the triangle FDB are respectively parallel to the 
lines of action of the stresses along EF, FB, and FD, therefore 

W : stress along EF : stress along FB :: FD ; DB : FB 



stress along EF = stress along AB = W. ?? =a iii . 

•nrn W. FB 2-)-? (w + m') B 
1 ■“ — FB “ 2 ■ lii.n ' C0se ° a 


But the tie-beam AB having to support the roadway joists, will be sub¬ 
ject to a bending moment in addition to the stress in the direction of its 

length, and from. Art. 108 this greatest bending moment M = B ( w + w '> 

n . 144 " 

I s B (to + to') Z ,j „ 

T’ or • T 5 accordm £ as l or V is the greater. Next, suppose a 

Fig. 8. partial load W' bo concentrated at 



supported at A, and at B. 


one of the points C or D; the point 
D for instance, the other point 0 
being unloaded. Then, if the truss 
is strong enough to support the 

load, it is evident that is 

21 ■*}- L 


Hence the stress on 



C = 


W'Z 
22 + 2 ' 


W'(l + ?) 
22 + 2 ' 1 



WOOUTiN BTUDGF.S. 


107 


But this latter point D, is also acted upon by the weight W downwards. 
. w' W + V) Wl 

• ■ VV ■“ 'll -I- f ~~ 2 1 + V 

is the resultant acting downwards on the point T). 

From this it appears that the action of a pmlial load is to tend to raise 
the point 0, and depress the point 1), or to distort tho truss into the posi¬ 
tion shown by the dotted lines. 

Plence the beam may bo considered fixed at tho points A, G, B, tlio sag- 

W'Z 

ment AG being acted upon by a forco ^ -p acting upwards at C, and the 
segment GB by an equal forco acting downwards at I), the valuo of the 
bending moment in both casch being 

There are two ways of enabling tho truss to resist this action ; eitlior by 
diagonal bracing, or by tho stiffness of tho longitudinal beam running from 
one end of the truss to tho olbor, which beam is either tho tie-beam aa 
in Fly. 1, or that resting immediately above Llio truss and bolted to tho 
straining piece as in Fit). 2. 

If the stiffness of tho longitudinal beam bo trusted to; tho bonding mo¬ 


ment 


Wl 
2 l + f 


X ^ must be, taken into account in fixing its dimensions. 


As in India, however, pieces of wood of long scantling nro difficult to 
procure, and tho tio-bonm is usually made up of two or mom pieces scarfed 
together, or by an iron tie-rod, no dependence cau bo placed upon the stiff¬ 
ness of the longitudinal beam. The truss is usually thereforo diagonally 
braced, ns shown by tho dotted lines in Fir/. 1; tho brace FC acting when 
the partial load is at F, and Ifl) when the load is at G. 

To calculate the stress v/mn the braces .—Since the vortical forco they 


have to sustain is 7 -j ,; if they bo inclined at an angle /3 to tho horizon, 

a *-p t ,j 

Wl 

the stress along them = — r ( . cosoo fl. 

+,( -I- l 


In Fig. 2, where tho struts spring immediately from tho abutments, and 
the roadway is supported above tho truss; the stresses upon tho struts, 
ae,fb, straining pieeo cf, and braces af, eb, are exactly tho same ns before. 
The horizontal thrust of tho foot of tho struts upon tho abutment is the 

same aa the stress of the tio-benm, viz., ——— . • cot a, and tho 



108 


WOODEN' BRIDGES. 


longitudinal beam must be strong enough to sustain the greatest bending 
moment due to the weight upon ge or fh, or 

ftu+w'JB Z 3 

HI .n ' 8 

If l = V ; or the span is divided into three equal parts, these formate 
become 

Stress on strain-piece = stress on tic-beam = horizonal thrust on 

(w + W) BZ , 

Abutment, = —— ■ cot a. 

(m 4- n J ) BZ 

Stress on struts, ■= ——jjj— • coaoo a . 

Stress on ties, EC and ED = 

W 

Stress on braces, = — g - . coseo /l. 

Bending moment on longitudinal beam = — 


Example ,—To calculate the scantlings of the timber of the bridge given in Plato 
XXV., Fig. 2, consisting of two trapezodial trusses of ill) feet span, supporting a me¬ 
talled roadway 16 feet broad, upon the supposition of its having to sustain a dense 
crowd. 

The superstructure of this bridge consists of two trusses, each formed of a straining 
beam, aa, a tie-beam, lb, two struts, nr, and two queen-posts, till. The queen-posts 
are double and are indented to a depth of one iueli ai tlieir intersection wilh the tie- 
beam and the straining piece, to which they arc attached by means of iron straps and 
holts. The tie-beam is formed of tlueo pieces scarfed together, the scarfs being plac¬ 
ed at the intersections of the tie-heam wilh the qneon-posts. The ends of tile struts 
are joined to the tie-beam in the manner shown in figure, and are further seemed in 
their places by holts and straps. The roadway girders are placed 2 feet apart from 
each other, and are covered with 3-incli planking and n layer of earth to form tho 
rond-snrfnce. The trusses are stiffened hy cioss-hvacos, pa, which, together with the 
struts, and the cap piece,//, which luns parallel to tho tie-beam, form a handsome 
railing to tho bridge. 

In this case 1=1! = 120 inches, B = 180 

iv = 130, m‘ = 120 lbs, per .square foot. 
n = 2, and a 20°. 

Stress upon the ties = W = D 2 <) + 130) ■ 120,1 B0 _ lg750 

2 x 141 

Stress upon the struts = IV cosec a = 18760 . coscc 20° = 6476011)3. 

Stress upon straining beam and tie-beam = 18750 cot 20“ = 51513 lbs. 

Greatest bending moment on the beam = 1Sl ? ' ^ ' ]2 ° } = 281250 inch lbs. 

.\ bom equation (2) Art. 110. 
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„ . 187K0 . , , 

Section of tics = • = 19 sqimvo inches, nearly. 

, . B47CO 

„ struts =— 0 -= CG „ „ 

„ straining beam = = G3 square inches, nearly. 


/, Scantling of tics may bo taken ns fi X 1. 

„ struts „ 8x7. 

„ straining „ 8x7. 

To fix the scantling of tlm Lic-licmn, from equation (4), Art. 116, 

fll (»Ml 1 _ G7'G1.'I 281-2RO x 6 

\ ,l + > ) 1000 ~ ‘ d + ~ d» 


and assuming the clopth as 14 inches, 


b 


fil'd)! 
'll ' + 


1087'fi 
I ltd 


= 3'G -1- 8’fi = 12, nearly. 


To calculate) tho sltcsH upon the braces, suppose a loaded olcqihant to bo supported 
immediately abovo ouo o£ tho points ol division. 

Then tho stress on tho brace = 2^*5?. cosoe 20° = 1)746 pounds. 


07'iO x 3 1 

Section raquhed =--— X = lfi square inches, nearly > or the brace 

might bo made fi x 0. 

110. Girder Bridges .'—Hinco tlic fibres of n beam near tho neutral axis 
are but little strained, and consequently oppose but little resistance, thoy 
could be removed without serious injury, unci if tiro same amount of mate¬ 
rial could bo disposed at a greater distance from tire axis, tho strength 
would be increased in exact proportion to tho distance at which tho fibres 
could bo made to act. Hence, tho first object in designing a girder is to 
place the material to resist the bending moment, at tho greatest distance 
from the neutral axis which tho nature of tho structure will admit. 

It is evident, lrowovor, that if two longitudinal timbers wore placed 
parallel to each other, without intermediate connections, nothing would bo 
gained; each would act independently of the other, and tho strength 
would bo less than that of a single beam. Neither would a connection by 
means of vertical-ties, as in Fig. 4, add to tho strength, for tho weight 
of the ties would merely increase tho load, to resist which thore would be 
only the stiffness and strength of tho two beams AB and GD. 
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But, by observing the effect of fioxure upon this system, tie means by 
Fig. 4 which any alteration of form 

fL e 7 ‘ n can bo prevented, is seen at 


rT \'/ I \ xj o_ 1st.—Suppose the system 

SS 17 "___,r ( & under the action of a umjom 

y V load. Then it is evident that 

the rectangles formed by the horizontal and vcitical pieces aio converted 
into oblique-angled parallelogiams, one diagonal, such as OE being short¬ 
ened into ce, and the other, AP, being lengthened. And as this effect 
must take place to a greater or less extent whenever any degree of flexure 
is produced, it may be concluded that the inti eduction of struts, such «8 
CE, to prevent any change of figure in the rectangles will effectually pie- 
yent flexure. It appears, therefore, that in the construction of a bridgo- 
girder, three series of timbers, at least , enter as indispensable elements: 
these may be called chords, ties and braces; and these aro all that a um- 
form load requires. 

2ndhj .—Let the weight, instead of being uniformly distributed, bo 
e applied at some 

~4 - - -1-point II. 

N. '/ Then, since b, 

" " d precisely lie same 

ggpi ~ f _j"_--•-" reasoning as in Art 

jf h tf 118, tho weight 

** upon ono side will 

cause a tendency to rise upon the other, tho flexure of the Bystem will he 
somewhat as shown by the dotted lines. Tile effect of this upward force is 
to extend some diagonals in the direction of the braces; but as the braces, 
from the manner in which they are usually connected with the frame are 
not capable of opposing any force of extension, it follows that the only 
resistance is that due to the weight of a part of tho structure. The 


remedy for this is obvious: it is only necessary to prevent the diagonals, 
such as AP from shortening, or in the direction of tho braes, from length- 
ening, and the upward force will be effectually resisted. This requires, 
either, that counterbraces, such as AP, should be introduced throughout the 
stress, or that the braces, should be capable of acting as ties. It follows, 
therefore, that no bridge, either arched or straight, which is designed for 
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the passage of travelling loads, should bo constructed withont connterbrac- 
■ B „ or diagonal ties. It is only in nquuduols, whore the load is always 
uniform, that they can bo omitted. 

120. To compute the stresses along the lars of a Bridge Girder. —The 
most conrenicnt way of dotcimining llio stresses along the diffeicnt bars 
of a giuler is by the method of sections. —The theorem, upon which this 
depends, will be found demonstrated generally in “ Jtarrkinc’s Applied Me¬ 
chanics;” but it is sufficient for the present purposo to stato it particularly 
as follows:—■ 

That if an ideal vertical soctiorr bo made through tho bars of a girder 
acted upon by vortical forces alone. 

1st. The sum of tiro horizontal components of tho stresses along tiro 
bars out by tiro piano of section in ono direction, lialarrco tiro sum of 

those in the other direction, .. (1) 

2nd. The sum of tho vortical components of the same stresses balances 

tire shearing foreo at tho piano of section,. (2) 

3rd. The moment of tho corrplo formed by tho equal and opposite 
stresses of equation (1) balance tho bending momont at tho piano of 

section, ....... (8) 

From these throe equations, tiro stresses along tho bars may bo deter¬ 
mined, provided but three bars avo out by tiro piano of section; if nroro than 
three bare aro out tho problem is or may bo indeterminate, 

For instance, to determino tiro stresses on tiro bars Old, DE, EF of tho 


girder AB; srrp- 
poso a vertical 



section to bo 
rnado on tho lino 
BN; let XI bo 
the stress along 
I5F; II, that 


along CD, and T that along ED, the anglo DEF = a, and tiro hoiglrth, 
CE of the girder = Je. 


Then II X + T cos a = II, . (I) 

T sin a =, shearing foroe at plane of section PIT, .. (2) 


II/: = bonding momont at plane of section,.. (8) 

and from these tlrroe equation, II, II,, and T can he found; tho shearing 
force and bending moment being determined by Arts. 106 and 1X3. It 
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is, therefore, only necessary to apply these equations to each division of the 
girder successively; remembering that to find the greatest stress along ary 
particular bar, there must be substituted in equations (2) and (3) the greatest 
shearing force or bending moment which can possibly arise from the dif¬ 
ferent arrangements of the rolling load combined 111111 the permanent load 
121, Diagonally Braced Girder. —This sort of girder, of which the 



figure is a skeleton drawing, was first introduced in America by Mr. Howe. 
The two horizontal chords resist the bending action of the load, they aie 
made of layers of planks set on edge, and bolted together to break joint, 
The shearing action of the load is resisted by the vertical suspending ties, 
(which are iron rods,) and the braces and counterbraoos. 

The braces shown by full lines, are, as before remarked in Ait. 119, all 
that would be required, if the load were always uniformly distiibuted over 
the girder. The counterbraces shown by dots are necessary to resist tia- 
velling loads. 

To compute the stresses upon the different bars of a Iloive's Girder. —The 
points of support being numbered 0, the joints and divisions of the hori¬ 
zontal booms are to be numbered 1, 2, 3, &c., from both ends towards the 
middle; the ties, braces, and counterbraccs being designated by tlie numbei 
of the joint where their upper ends meet. 

Let N, be the total number of divisions in the beam (in the figure N = 8). 
I, the span, so that is the length of one division, 
s, the length of a diagonal measured along its line of resistance. 
k, the height of the girder measured from centre to centie of the 
horizontal chords. 

w, the uniform steady load upon each joint. 
w', the greatest travelling load upon each joint. 

Also let H n , be the thrust or tension along the nth division of the chords. 
Y„, the tension along the nth tie, 

T„, the thrust along the nth brace, 
i n , the thrust along the counterbraces, 
and the platform he supposed hung from the girder. 
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To find the stress upon the horizontal chords, — T5y Articles 108 and 
112 the greatest bending moment at any point is when tlio tiayellhig 
load extends over the wholo of the beam; and immediately beyond tho 

n). 

by conation (3), Art. 1L4, 
n„.Z.= ^+ N ”'. In (N-n). 


W -f- If 1 * 7 /TwT 

nth division = —jjjj- • ln ( N 


T r 10 4- «>' , N — 1, 

u " = — r~ • 1 "• nr 


. 0) 

To find the strain upon the braces .—The Innco n hub to sustain the 
sheaiing force along the nth division, or that immediately beyond tlio 
( n _ x)th joint. Now, by Art. 108, tho .shoaling foice dun to jioimaiioul 

load w, immediately beyond tho (« — l)th joint = {" J 1 ~ w • 

And by Art. 109, tins greatest sheaiing force duo to (lie travelling load, is 
when the larger segment is loaded mid the shorter unloaded, and is equal 

i0 ^ - aV" ' “ n) u/ 

total shearing fovoe = — — a J w + ~ (-N — n ) w '- 

Hence by equation (2) Art. 1*20, 


-•*- { 
{ 


. rp 
* * J-ix 


N-M. 
2 " 

K + l 


*} 


* + “Tn- ( n 


ft) iu' 


•}" + -A + - 1 (»-*>*? 


( 8 ) 


To find the tension on the lies .— 1C very tie n, oxcopt tho middle ono, 
has to boar tho smno shearing force as the brace n. 

Tr f H 4“ 1 1 ,14 — 1 71 4“ 1 /\r \ i /n-. 

• ■ V„ = - ft| to + — ajS [ - • (N~ n)w .(8) 

For tlio middle tie, n = ~ 

.\ The greatest shearing force due to the travelling load 
N 


N 


+ 1 




2N 

tension of tho middle tie = w -p . j ^ + 1 J . (d) 

When N is odd, there is uo middle joint. 

When the platform rusts upon the top of tho girder, subtract (to + w') 
from caoli of the values of (3) and (4). 
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To find the stress upon the counter Iraces .—By the same reasoning 
as in Art. 120, the smaller segment covered with the travelling load 
will cause a tendency to rise through the longer segment; the value of 


it 'n + 1) 

2l ' 


it/ 


up- 


this shearing force immediately beyond the ?ith joint is 
wards (Art. 110), and the uniform load will cause a shearing force at the 
— - — w| V) downwards; the counter brace has to resist 

the difference of these two forces. 

» ( Jl + B „„ 


same 


point j 1 


tn = 


’ 2 N 

n (n + 1) 

In 


IN _ 1 . 

- i-s- 51 f 

, f N - 1 1 

• » “ ) “- 11 J 


tv. 


( 5 ) 


And when this gives a null or negative result, it shows that the platfoim 
has no tendency to rise, or that the counter brace is unnecessary. 

The best angle of inclination for tlio braces and counter braces is 45°. 

Example .—Required the stresses on t.ho chords, &c., of a Howe’s giider; the 
span being SO feet, divided into 8 equal divisions, tho height of tho girder 10 feet, anil 
the platform hung ; upon the supposition oi its having to support a uniform load of 


6,000 16s. and a travelling load of 10,000 lbs, per each joint 

— 

that is l = 80, N 

= 8, It, = 10, 

s = 14-14, 

, w = 5,000 lbs., w' = 

n. 

H. 

V. 

T. 

t. 

1 

52,500 

52,500 

74,235 

negative. 

2 

90,000 

38,760 

6-1,792 

negative. 

3 

112,500 

26,250 

37,128 

7,070 

4 

120,000 

17,210 

21,210 


The value of II 4 applies to tho lower chord alono, as tho upper chord has only three 
divisions on either side. 


123. Lattice work girders .—In the Lattice girder the top and bottom 

chords aro connected by 
planks inclined at 45° to 
the horizon, crossing encli 
at right angles and pin¬ 
ned logolher by tree¬ 
nails. 

(Suppose tho girder to 
be cut by a vertical sec¬ 
tion PH. Then, since more than three bars are cut by the section, the 
problem of finding the exact stress upon each bar, is, in a strictly mathe¬ 
matical sense, indeterminate, as stated in Art. 120; but it is solved by 
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taking for granted (wliaL is the fact in well-constructed Inttieo girders,) 
that the shewing action of the load is distributed equally amongst the 
diagonal bars or planks. 

And, since the horizontal components of the stresses along iho diagonals 
balance each other, therefore by equation (1) Art. 120, the tension along 
the lower chord must cqnnl the thrust along the upper. 

Let H, be the tension along the lower and Llirust along the upper chord. 
It, the stress along each diagonal. 

m, the number of tlie diagonals cut by the vertical section. 
k, llio height of ike girder, 
a, the inclination of the diagonals. 

Then by equations (2) mid (!1), Art. 120, 

m . R. sin « = shearing force at given section, 

II 7j = bonding moment. 

And fiotn those equations, llio value ot it and II at any point can bo deter¬ 
mined; the shearing force and bending moment being calculated as before. 
To compute the stresses upon Ike different bars of a lattice girder .—Lot 



the joints and divisions of the horizontal chorda bo numbered from each 
end towards the centre ; all points of intersection of the diagonals in the 
same veitical lino as any joint, bearing the number of that joint; and each 
diagonal being designated by tho least of all tho^ numbers of the jioints 
of intersection it passes through. 

LetH„ bo tbs strosa along tho wth division of tho^ horizontal chords, 
hn „ „ diagonals. 

w and llio permanent and travelling loads upon oach joint. 

Then, in the same mamior as beforo, 


n. = [-jE±i_„} + 


(N-u)(isr- 

as 


123, Timber Bow-string Girder .—In a girder of this kind, a timber 
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arch springs fiorn a tie-beam, which supports the cross beams of the pint 
form, and is hung from the arch at intervals by vertical tics, with diagonal 
braces between them. 

To find the conditions of equilibrium of a timber arch under a unifoim 
T vortical load. JByauiufoim 



a voitical load unifoimly 
distributed along a horizon¬ 
tal straight line, so that if 
0 bo the highest point of 
the rib, the weight suspend¬ 
ed between C and E, shall bo proportional to CJE, 

w 

Lot weight upon the half aicli = -jp thrust at 0 = II, and thrust at 
E in dilection of the tangent — T. Then, since the half arch is kept 
at rest by these three foices, they must evidently meet in a point; but be¬ 
cause the weight between B and G is uniformly distributed, its resultant 
must bisect CD, and thciefoie the tangent at B bisects CD, and this is 
the propel ty of a paiabola. 

Hence the proper curve for a timbor arch under a uniform load is a 
parabola with its vertex at C. Also, since the sides of the triangle BED 
are respectively parallel tn the dii potions of these forces. 


H 


m . W . 
' 2 ‘ 

. rr _^ ■ ED 

. ~ 2.BD 

and horizontal component of T 

_ W BE 

2.BD 00S ' — 


ED : BE : BD 

W . BE 


"W^BE _ 
2.BD 


T = 

ED 

BE 


2.BJU 

W. ED 
2, BD 


= II. 


To compute the strains upon tlic different bars cf a Timber Bow-string 



Girder .—Let N be the total number of divisions in the tie-bomn, 
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Z, the span, so that S- is iho length of one division, 


l, the greatest dcjitlr of llio truss, 
w tlio permanent load upon oaeli joint, 
w', the travelling load upon ourli joint, 
sotbattho total load = (N — 1) (w +- w') = W. 

To find the stress at the crown of the rib and tension of the tie-beam .— 




N - I 

sT“ 


(iv — w') 


l 

L 


a) 


Should tlio weight of tho plulfoim, instead of lining conccnlrnieil at tlio 
joints, be partly supported by tlio lie-beam between Llio suspending pieces; 
tbo tie-beam will have lo bear a tension — If, and a bending moment duo 
to the load supported between tlio ties; and its scantling must bo deter¬ 
mined by equation (d), Art. Lid. 

To find the stress upon the tics. —Tim greatest tension of tlio tie-rod 
n is evidently tlio weight of tlio permanent and travelling load sup¬ 
ported at that point added lo the shearing force arising fiom a partial 
loadw' ovor tlio Blunder segment from l to ( n — 1). 

This shorning foieo = ■ " ,, . it/ (Art. 110). 

• • j?— X 

Total tension of tic n = (w -|- u>') -1- — . nv /. (2) 


To find the stress upon the diagonals.• —The, greatest stress upon tlio 
diagonals between n and (■« + 1) is tlio slumring loico duo to partial 
load «' over the bliorlor segment from 1 lo «. 

ft, ]) 4.U. | 

This shearing force = — v/. 


Let s bo llio length and k tlio difference of levol of tlio ends of either 
diagonal. 


Then stress 


iti's « (n 4- I ) 


7/ • 


2 N 


( 3 ) 


Smnqile .—To determine llic scantling of tlio main rill of tlio centre span of the 
bndge, shown in PlaLo XXIX, 

Where /; = 30 feet. 


„ l a n „ 

N = numlioi of sections in span == 30 „ 

Unveiling load = 1 Ion per running foot a »' 
■weight or roadway 280 lbs. per foot superficial, 

7'l 

permanent load on each joint = - • x 10 x 280. 


= 20720 ills. = in 
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woiking co-efficient foi deodni = TOO lbs 
Whole weight on centio tinss = W = 74 X 10 X 2S0 

= 207200 lbs. 

W 

— = 103000 lbs. 
and height of tiuss = 1G foot =: i 


For stress at crown of rib .— 

vXt 103,000 X 71 
II = —' = " * X ~ 10 
= 1107S7 lbs. 

„ 119787 . . 

aiea of nb = - — — 171 famine inches , 

700 

consequently, a scantling of 10" X 18' will amply suffice. 

For scantling of tie-beam.—The tic-lieam is acted on by it tinnweiso sticss due 
to the loadwny as well ns the longitudinal stress, foinmln (-1), Ai t, 110, must thciofoie 
be used. 

The peimnncnt load = 20720 lbs,, and this is equivalent io a bending weight M of 
10360 lbs. at each joint ; consequently, the foinmln will stand thus— 




700 b = 


0 M ) 
d' i 

119787 . 0 X 10360 


d 


+ ■ 




If h = 10', il = 18', nearly; 
requued scantling — 10' X 18'. 

A scantling of 10' X 20' hns boon actually allowed to compensate foi boltholes, 
weak joints, &c 

For stresses on the diagonal braces, the foi inula (3), Ai I. 123, must ho applied, 

If the centre pair of diagonal bincos aic consideictl, the icquiicd (lain aio, 
n = 4, the braces being situated botween lliu 4lli and fitli suspending lods, nml 
< = 17 feet. 

. v> . s n (n + I) 

... Sticss = — X 

_2210 x 17 X 4 X 15 

IS X 2 X 10 
= 2380 lbs. 

As the braces arc about 34 times ns long as their thickness, one-sixth of 700 must 
be used. 

Sectional nica of brnco = ■ 

i X 700 

= 20-4 square inches. 

... Scantling required = B' X 4j' 

6' x 4" has boon actually allowed. 


134. Weather Bracing. —Tlio use of Intel nl bracing is principally to 
guard againt tlie effects of wind and other disturbing causes, tending to pro- 
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j uc6 lateral flexure in the loadway. Tim ordinary bracing to resist, this ac- 
A lion consists of lies 

and biaces similar¬ 
ly disposed to those 
in the main truss, 
oxcopt that the sys¬ 
tem being liable to 
the action of a uniform foreo in both directions, the bidding nill consist 
of two sots of braces of equal scantling, those shown by the full linos re¬ 
sisting the shearing foreo when the wind is from the diuiction of A, and 
those shown by dots when the wind acts upon the other side It, 

To find the straw vpan the, weather brarinq. —bet, N he number of divi¬ 
sions in the span, and id" the force of wind upon oacli joint, a the length of 
any bincc, 11 the breadth of the hiidgo between two trusses. 

Then, the joints and intersections of the diagonals being numbered 
fiom both eiulb towards the centre, ami the braces being designated by 
the number of their intersection, by Art. 108, 


Stress upon it Lb brace = -| — 

ntli tie (uxcopt the middle one) = j 


H 

IT 


N -i-1 


(1) 

( 2 ) 


For tlio middlo tie, stress = w" . (3) 

When N i.s odd, there is no middle tie. 

From this it appears that at the middle of the span the lateral braces 
would be exceedingly light; they might oven bo omitted in the cental 
panel without injury. 

In long spans, this diminution in the size of tlio braces in the middle 
adds considerably to tlio strength, by relieving the bridge of unneccssaiy 
weight, 

135. Roadway Platform .—Tlio usual thickness of tlio planking for 
the platform of a bridge with joists is from 3 to 4 inches, the joists being 
placed at distances of from 2 foot to 4 feet from oentio to contro. That 
thickness has been found by experience to bo requisite in order to with¬ 
stand the shocks, friction and wear, to which the planking is subjected, 
and is in general much greater than is required for mcro strength to 
suppoit the greatest load with safety, The scantling of tlio joists is deter¬ 
mined in exactly the same method as given in Art, 117; the value of 
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bd? being equated to six times the greatest bending moment, divided by the 
greatest safe working intensity of stress, sec equation (1), Art. llfi; the 
ratio of the depth d to the span should then be first fixed with a view 
to stiffness, and the breadth computed from tko value of bd 1 with a view 
to strength. 

130, Timber .Piers. —A timber pier for supporting arches or girders 
may consist of any convenient number of posts, either vertical or slightly 
r akin g, and connected together by horizontal and diagonal braces. J 

Each post should be braced at every point where there is a joint in it, 

and at additional points if necessary, in order that the distance between 
the braced points may not bo less than about 18 or 20 times the diameter 
of the post, 

Should the pier have a lateral thrust = H, to hear, whether from the 
action of the wind, or some other cause, the horizontal and diagonal braces 
are to he calculated to resist the horizontal thrust, in the same manner 
that the supending pieces and diagonal struts of a diagonally braced girder 
are calculated to resist the shearing stress, supposing that shearing stress to 
be the same at all points , and = H. 

137. Subjoined are various examples of Wooden Bridges actually 
constructed in India, from the Professional Papers :— 

D/tarwar JBridges .—The Yangul Bridge is the last of several Bridges constructed 
over the Bunnchulla ; a river which runs through the centre of the chief hlaclc soil 
plain of the Dliarvar district. 

The design of all these bridges is similar ; being long timber piles driven into the 
river bed at short intervals to form the piers, on which wiiolo logs are laid longitu¬ 
dinally ns girders, anil immediately on these, the road pinnking mid material. 

The piles of the bridges average 10 tn 12 inches square, being hooped with a 28 IBs. 
ring, and shod or painted, with a Y shaped strap of 3 x ^-ineli iron, 

The nuts of the bolts used in these bridges are rivetted instead of being screwed on 
the shank, this former being found to be the more economical method. 

The design adopted has been influenced by several considerations s tile character of 
the bed and hanks of the river j the ease with which largo timber was procurable from 
tile adjoining forests of North Cannrn, and the want of skilled labor and trained 
superintendence to carry out any very elaborate construction. 

The Pile Engine, which docs not differ materially in principle from those ordinarily 
used, is roughly and economically built; and is well suited to the work it has to do, 
and to the workpeople fur whoso use it is intended. 

Its chief features are an upright, or standard, formed by two vertical pieces, be¬ 
tween the faces of which the monkey works; two longitudinal pieces, into which the 
foot of this standard is morticed, and to which it is stayed at the hack; a frame 
or platform, from which the above is hung, and on which it runs transversely, motion 
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with moorum, and I find by examination that its planking is quite rotten, while that 
of another timber bridge near it, not nworumed, is still quito sound. The ngu of th e 
foimcr is two ycais, of the lattei torn, which makes the comparison still moie strth- 
ing. This defective mrnngemcut is avoidod in tho Yangul bridge. 

The cost of the Yangnl Bridge, including uppioaches, was Rs. 03,594. 

The cost of driving the piles per foot was in these bridges, Rs. 2-2, mid tho cost of 
each pier Rs. 508. 

The HtntROo Bridge, Lahore and Pesiiawur Road. —The Biulgo consists 
of 10 spans of 40 feet each. The pieis aud superstructure ni e of timber ; the nbnt. 
ments of rubble masonry. The tnnhei work throughout is of heart of doedar, all 
sap wood being rejected. 

Piers —Aie shown in full detail in the drawings. Every timber is in one length, 
excepting only tho waling pieces on tho pile heads. Tho lowest pans of horizontal 
waling pieces mo reduced to 10 x 6 scantling, to admit of timber of the icqnhcd length 
being obtained from the Cabool liver. The bolts are throughout of round iron J-inch 
diameter. 

Abutments and 1Vinq If alls .—Are founded at the depths shown, and mo built of 
coursed nibble with tho following exceptions :—The wlieolguaids mo ol out bucks-on- 
edge, and the parapets are furnished with n cap of cut brickwoik, C inches thick, laid 
on edge. 

Superstructure. —Coibels an pile heads mo 12 inches wide mid 10 deep, and ate 
firmly bolted to tho tie-beams, each by two bolts ol j-ineli round iion. 

The Beams me 10 X G scantling, oxcept the lust length at each end lasting on the 
abutments, which is 10 x 9, to give depth sufficient to admit of tho abutting blocks 
being counteisunk into it to a depth of 3 inches. No joint in a tie-beam within 6 
feet of a pier j the diawings show in detail how the joints mo made. Tho pieces all 
abut against each other with squaro ends j the keys arc of seasoned scesum. Each tic- 
beam is supported by two 1-inch iion rods. 

Vertical Posts over Piers .—Details are given in the drawings. 

Straining Beams aro secured to the roadway beams by four treenails of 1) inches 
diameter of dry ldiow wood. 

Roadway Beams. —Scarfs in loadway beams are made in the places, and in the 
manner shown. Details are given in the drawings. 

Roadway Planking. —The planks supporting the railing struts mo (1 inches thick, 
no piece being less than 91 feet in length ; they me scorned to the roadway beams by 
spikes 11 inches long, licmaindei of planking t inches thick, seemed by spikes S 
inches long. Each end of every plank rests on a beam and is secured to it by two 
spikes j elsewhere one spike secuics each plank to each loadway beam. Tho lengths 
of planking bleak joint throughout. 

Wheelguards are iu long lengths, of 10 X 8 scantling. Tho different lengths abut 
against each other in each case over a block with square ends, and aro kept in position 
as shown in figure. The haul wood key is of scosnrn or kliow wood, 

W all Plates on Abutments. —Tho tie-beam is notched out 1£ inches to receive the 
wall plate. 

Metalling is of broken atone. 

Painting. —The railings, including verticals and struts, are painted in tlirco coats, 
of white lead and oil. 
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TVirrilw.—The whcolgnards, wlicolguard blocks, roadway planldng, on both Hides 
^ al i woodwork, tlieneo to water level, including wall plates, and nil touching mu- 
fnecs, me pny cf l ovcl- l^ nc to* 1 ’* 

Total cost, Es. 39,7110. 

BaubA Bbidgb, Latiohb and TbpiiAwtiii Koad.— Sj> mfiiwtion. —Tho Bridge 
consists of 3 spans, each being formed of three inched giulers, as shown in tlio chw 
mgs, Tho two end spans have a clear waterway of 611 feet, and the contio span a 
waterway of 7<l feet, Tlio piem anil nlmtmonls mo of brick-work ; the Limber woik 
of v,ell-seasoned deodar. 

Wall Plata. —The lower pioeoH are 10 x G inches scantling. The upper pieces 
icston them and nro 10 X 8 inches scantling. 

Corbels.— Aro notched out and let down on to tlio wall plates to die extent of 2 
inches. The keys connecting the eoibols and tie-hoiuns are seasoned scesuni or 
Mot wood. 

Tie-beams. —Aro shown in tho drawings in Ml detail. All ticontain are to ho halted 
befoio they mo used. 

Abutting blnohs.— Against which the arches and tile cross braces abut, mo of 
seasoned teesum. 

Roadway fleams.-- Are lei, on to tho lio-beinn t o I ho depth of 2 inclios. Tlio beams 
which project and carry struts to steady tho vortical frames aro to ho secured to the 
tie-beams by JJ-inch bolts. All other roadway beams, excepting tlio last over each 
abutment, moicly rest on tlio tie-beams. They are kept in place, by tlio 2-mcli deep 
uotchcs at each of their ends, and by tlio plunking which is spiked on to them. 

Weather flraomg.— None is provided for in tlio two end arches i in tho centre span 
I wo timbers 8 x 0 inches arc introduced at each end, seemed 
to the tie-beams by (-inch bolts mid proper joints, ns shown ; 
nod supported eaeli at its centre by a holt passing through a 
roadway beam, 

Atunheat/ flhinlthnj ,—Tho spikes to bo II inches long j two 
spikes to he used uI each cuil of os cry plank. One spike is 
to scenic each plank to every roadway beam that it crosses, 

Wkecl-guuul. —Di/Toronl longfbs to abut, against eaeli other with sipinro onds. 

Cross flrancs. —To bo stepped into tlio lined wood blocks wilh tenons 2 inches 
sipinro and inclios deep, and to he scoured to each other, whore they cross, by a 
j-inch bolt, 

Arches. —Tull details aro givon in tho drawings. The surfaco of the planks to bo 
tailed before they are finally put logctlior in tho arch. 

Railing. —Is scoured at intorvals to tho cross braces and arches. 

Vertical Frames. —Tho posts nro bolted to tho tie-beams anil to tho arches, and fit 
into die cap pieces, with mortice and tenon joints secured by an iron strap, 

Painting. —The railings, railing posts, and struts, are to bo painted. 

Turing. —The beds of tho hard wood blocks, nil touching siirfaros, where not ex¬ 
posed, surfaces of j unction helweou corbels, wall plates, and tie-beams ; and touching 
surfaces of tio-bcam itself, Sec., to ho tarred. 

Tie-rods. —Tlio head to rest on tho tops of die arches over an iron washer. Under 
tho nut, a picco of hard wood 12 x 6 X 4. inches, is inserted to distribute tho support 
over tlio tie-heam. A washer to lie insorted between the nuL and (ho hard wood. 
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Stone Posts —To protect the ends of the central nrch over the abutments; two stono 
posts of 9 inches diameter are let into the ground. 

The centering for building the plank ribs, consisted of u number of long stout tim¬ 
bers (which were afterwards used np ns roadway beams) laid nt equal distances on the 
ground, in the direction of radii of the curve, and carefully levelled. Any short spare 
timbers, not less than 10 x 8 inches, thnt could bo obtained, were tlior; roughly dressed 
to the required ratlins on their outer side, and connected together by square lap joints 
so as to form one continuous curve. These were further kept together by 4~fnch 
bolts passing through the lap joints and the extremities of the long timbers, into which 
they were slightly notched to prevent the bolts being bent by lateral pressure. The 
curved outer face of the abort pieces was then carefully dressed and planed to the 
required radius, and formed a centering, on to which tlm planks were bent with screw 
clamps. Notches were cut on the curved surface, opposite each joint in the rib, suffi¬ 
ciently large to admit a wrench, by which the nuts wero screwed homo. The same 
centering served for all the trusses; those of least curvature being built first. Tu such 
cases it would, however, always be better to raise tlio centering on brick pillars some 
3 or 4 feet from the ground ; as this would allow the workmen to tit the lower fnco of 
the rib as accurately ns the upper. There would then bo no need to turn the rib on 
itself to piano and adjust its lower face—a great advantage—ns plank bows are very 
liable to lie damaged by the strains produced by their own weight, if not very care¬ 
fully supported at their extremities. They should bo moved as little, and as carefully 
as possible before being permanently fitted on to their tie-benms. 'I'o prevent the i-ibs 
from flattening out, they were kept screwed on to the centering, and thoroughly wet¬ 
ted, for a few days after being bolted together. As the low centering would only 
admit of this heing done to tlio upper face of the bow, the unequal expansion caused 
it to warp ; aud it is vety probable, that the tendency so occasioned, may spoil the 
look of the bridge, when time and weather have loosened the joints of the cross and 
side bracing. 

In order to allow for the straightening of tlio rib when taken off the centering, the 
latter was built of a sharper curvature than tlio nrch was intended permanently to 
retain. The tendency to flatten, is however much less than might bo expected, and 
no difficulty was experienced in keeping the bows of tlio proper shape. Tlio radii of 
the centerings were made shorter than tlio proper radii, by : j- of an inch to every foot 
of the intended rise in the completed arch ; and in every case Ibis allowance was found 
to be quite sufficient, 3fi feet 0 inches was found to bo tlio least radius to which 
3-inch deodar planks should ever be bent; as nono but the very best would tnkc that 
curve. 2 j-inch planks would have been employed, wero it not that the strength of a 
laminated arch, as compared with that of a solid rib, diminishes almost in the ratio of 
unity to the number of layers into which it is divided. 

Many different methods were tried for bonding the plunks, but the following plan 
which was very economical ns not requiring n steaming apparatus, was found less inju¬ 
rious to the fibres of the wood than any other. The pliiuks wero wholly immersed in 
water for eight or ten days ; then taken out, placed on edge before a bright chip fire 
aud oiled on both sides until well houted throughout. They were then bent on to n 
carved gauge, by means of a rack-stick and rope looped over their ends, without giving 
any signs of straining. On cooling, they retained iho form so given them ; and by 
soaking half an hour in water, and repeating the process of heating and oiling, could 
be fitted on to the centerings with the greatest ease. 
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It is doubtful, whether iron hoops ahrnnk when hot over the ribs, would not tui- 
sirer better than bolts Lo connect, the layers of plunking-. Hoops would not, in 
practice, bo us convenient, ns bolts, if it were necessary to take out or renew u plunk, 
and might not make so stiff an arch ; hut they would not weaken it by bolt boles near 
the joints. A combination of both would perhaps ho best—hoops Cor the outside and 
holts to the inside joints. The joints of an outside plank cun never, by means of 
holts nlone, be prevented from stinting from each other and from their underlying 
flanks, after a little exposure to the weather. A. broad Htrup over the joint would 
quite prevent this ; nnd the rib would not ho weakened by four holt holes, passing 
through it at its weakest points. 

The following points were noticed in the construction of the tio-hoam, which may 
be of some uso. The scarf shown in the drawing might with advantage have boon 
altered to u plain iish-jomt with stout strap irons. This was actually dono in one of 
the smaller ribs ; and was found on trial to act better than the scarf, which showed a 
great tendency to split up nt its angles. ,1 lard wood keys 1 ) inches square, Introduced 
at intervals between, the two pieces of the tie-beam, prevented their sliding on one an¬ 
other under unequal strains, and took the lateral pressure off the connecting boils. 
The corners of. the notches, out. Ibr the reception o(: tiie hard wood abutting blocks, 
were secured from splitting up under the thrust of the arches, by pieces of anglo iron 
let into the ivood. 

The bridge wns tested by a dead load of (it is believed) 200 Ills, to the superficial 
foot of roadwny ; which it boro without injury. Owing it, is supposed, to the strength 
of the arched ribs not bcin<g at llrsl fairly brought into play, tho deflection lmilor the 
half was grenter than that under the whole of the load. 



CHAPTER XXXIII. 

IRON BRIDGES. 

128. We now coma to what is by far the most important class of 
bridges at the present day, and which in Europe have for the last twenty 
years been rapidly superseding every other deeci iption, even for small spans, 
their strength, durability and (under favoiable circumstances) economy, 
forming a combination of advantages not to be attained by the use of any 
other material. 

Only a few years ago, with the exception of n few isolated instances, such 
as the bridge over the Goomtee at Lucknow, the Suspensioxr Bridge at 
Saugor, aud a few specimens of no great size near Calcutta, iron biidges 
may have been said to be unknown in India. The introduction of Railways 
has now made them almost common, and is to be hoped that European cap¬ 
ital and skill will facilitate the working of the iron mines in this country, 
so that the bridges may be made, as well as set up, in India. Even if this 
however, is not yet to he expected, the facilities of carriage which are daily 
increasing, will r ender the employment of iron bridges for ordinary roads 
both piacticablo and economical. More than one has been lately construct¬ 
ed at the Roorkee Workshops, and a respectable firm in Calcutta has 
offered to send them to any part of the country. Any young Engineer 
may be called upon to design and erect such structures ; and it is important, 
therefore, that, at least, an elementary knowledge of the subject should be 
acquired. 

139. The preparation of the Material has already been treated of in Yol. 
I., Chap. VI., and its strength to resist the various strains to which it is 
subjected in different structures, in Section II., but the following addi¬ 
tional remarks will be useful. 

GasLiron is valuable both for economy and strength in all ordinary 
cases whero it is not subjected to jar or vibration. For biidges of small 
span, say up to 40 feet, cast-iron girders are cheap and good; beyond 
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this the castings become loo largo to bo depended upon ns Hound through¬ 
out though laige budges may be made by bolting severnl castings toge¬ 
ther Cost-lion will hear a mushing foice of fiom 30 to 49 tons per 
square inch, while wiought-iron will only hear 12 to 13 tons, and tins points 
out the applicability of tbo founer to columns snppoitmg a roof, and to 
surnlai uses where its compressive strength alone is tiiod. 

■\Vrought-iion on the other hand resists a force of extension of 10 to 18 
tons per sqimie inch, while east-iron will hour only 3 to 7 tons. Thus 
cast-non resists compression hotter than tension in a proportion of 7 to 1; 
while wiought-iron insists tension bettoi than conipi ossion in a piopoition of 
11 . to 1, The latter is now extensively used in (‘onstmelions of almost every 
description. Tor iooIs and luidgeH of laige spun, which combine great 
strength with lightness, it tar burpashcs all other muteiiahs; wlnlo for ships, 
for cannon, and for nnmcioiia other purposes it is rapidly coming into 
use. 

Experience proves not merely (hat different ores yield ditfcient qualities 
of pig non, and that these different kinds should ho mixed in curtain pro¬ 
portions that arc known only by practice; but also, that there mo ninny 
mixtures which will hoar a dead loud considerably heavier than other 
mixtures, moio highly esteemed and really better; hut, if vibration is to be 
expected, then the results will bo reversed. As an ordinary rule, it may 
he safely considered (says Humber) that about one-half open (No. 1 or 2) 
pig metal of any reasonably good brand, and one-half good old metal well 
mixed in charging the cupola, and the girder being hulle-ponrod, will malco 
as good and trustworthy a girder as cun bo obtained without going to the 
expense of using cold-blast iron. The Engineer should remember this in 
ordering his gilder, but, ns tlioro are no means of proving tho propor¬ 
tion that has really been used after tho girders are cast, it should ho 
agreed, instead of naming any particular mixture, that, the giider bo tested 
with a dead weight loaded throughout its entire length, equal to twice the 
load it is intended to carry, under which tho deflection is not to exceed 
one-eighth per cent, of tho clear span, 

130. Tho following are tho ordinary vaiiotics of wrought-iron which 
are used in the manufacture of bridges. A bar of iron is either round in 
section, square, or rectangular, in which last enso it is called flat. The 
ordinary bar is rolled at once from tho bloom, which is passed botween 
grooved rollers accurately defining tho shape of tho bar. 
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If square or round, liar varies from to 3" or 3 }/' in flic side or diameter 

if flat, from 1" to G" or 7" broad. If the dimensions fall without these, 
the bars bear an extra price. Bar cannot bo rolled more than 0" broad. 

A plate of iron is a physical plane of iron of uniform thickness. The 
ordinary plates are rolled from faggots, which are bundles of flat bar iron 
generally from ihe first rolling, cut all to rectangles of the same size, Ian] 
one upon the other, and bound together with a withe of iron wire to hold 
them together while heating. The alternate layers are of different quality, 
us hard and soft, unrefined atul refined iron. This faggot is rolled to 
make as nearly as possible a rectangular figme, and the edges are finally 
sheared to make it strictly rectangular. 

Plate vaiies from ■— to ~ in thickness, in differences of — ; hut plates 
may bo rolled thicker than j- • It has an extra price per cwt. put upon it 
if it weigh above 3 or 4 cwt., and sometimes if it contain move than nbont 
25 or 30 square feet, or is of peculiar shape. If less than ~ tliiclc the plate 
is called sheet iron, is more expensive, and generally of better quality. 

Angle iron (Z i) is rolled of vuiious shapes. If of equal sides it is 
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The shaded side in each shows the part generally lolled liy tlio upper roller, (he 
rest is rolled against tlio low or one. The scale is 3" to the loot. 

passed through rollers so cut as to roll the iron with the corner upwards; 
thus when the angle iron {see figure) passes through the Inst pair of rollers 
the thickness of both sides can he equally regulated by one movement of 
the rollers, nearer or farther from each other. On the other hand, in very 
unequal angle iron, and in tec and channel irons, the thickness of the 
broad side only can be altered, since this is then rolled uppermost; the 
projecting rib must always be of the same thickness with the same rollers. 

Tee iron (T i.) and channel iron (>—j i.) are other forms of rolled iron. 

II angle or tee iron exceed 7 or 8" in the sum of its extreme breadth 
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d j tll) or W0 ;gh more than 3 or 4 owl., then mi extra pries per mvt. is 
[ffixeil to them. It can he rolled 1 (i'O long’ with ease. In ordinary uso it 

i3110 t well to have a 3" X 3" L i. less than thick; and a 3£* X 3{" 

L j should hardly be less than 3 thick. 

Generally the price of too iron is about £1 10s. u ton above that of 
bar; and the price of angle iron and plate about £1 a ton above the 
same. 

All these kinds of iron, if reduced to an uniform section, may ho reckon¬ 
ed to weigh 10 lbs. per yard fur every square inch in tho section. Or, 

which is the samo thing, if it ho reduced to an uniform plain, to weigh 


10 Jhs. for every square foot of plate. 

A ricet is formed out of a rod of round iron of the diameter of tlio intend¬ 
ed rivet; one cud is raised to n welding heat; a lenglli is 
thou cutolfliy gauge from tin* rod-liot cud, of a proper length 
to form the rivet, uml is immediately formed at one cud into a 
head, either by machine <>r hand. 

liiuet-liolas are made by moans of a punch, which punches 
them out of the iron plate, bar, /. or T iron, while cold. 

Tlio rivaUintj of two plates together forms ft join!.. When 
two or more plates are to be revetted, they arc placed to¬ 
gether in the proper position, having their holes exactly over one another, 
and aro screwed together by temporary hcrcw-bolls inserted through some 
of the holes. Tho rivets being previously heated red-hot, are limn inserted 
into the holes up to the head, and the Hiuall end hammered into a head 
corresponding to that at (ho other end of tlio rivet. 



A j' riict, 
} size. 


The several kinds of Iron Bridges naturally divide themselves ini,O'—• 
1st, Straight or Girder Bridges; 2nd, Arched, including Suspension, 
Bridges. 

131. Cast-iron Gunmens being the simplest in construction may be 
first considered, Whenever it is only intended for a girder to sustain a 
fixed load, it is considered sufficient to nuvlro it strong enough to boar 
three or four times tlio load required, but, whenever it is exposed to con¬ 
stant vibrations, six or seven, and sometimes oven ton times, tlio strength 
should be given. As a general rule a bridge should bo able to support in 
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round numbers four limes the stationary loud, (/. e., its own weight,) p 
four times the greatest moving' load that can bo brought upon it.* 

Ill the case of a Railway Bridge this latter would bo a line of locomo¬ 
tives close together upon each pair of rails. The weights of locomotives 
vary very much, chiefly according to the difference of power and difference 
of gauge. They may be said to average 25 tons, and to bo 20 feet in ex¬ 
treme length, ecpivalent to tons per foot run. The distance, however 
between the fore and hind axle-trees will not be more than about 18 feet, 
Therefore, for bridges under 20 feet span, it would be necessary to allow 2 
tons per foot run per lino of rails for the greatest moving load; while for 
those over 20 feet, 1 to 14 tons per foot would bo sufficient. 

133. Defection under load .—It has been observed, that if a beam is 
subjected to repeated deflections, its strength will not be impaired, provided 
they do not exceed one-third of the ultimate deflection, which will vary ac. 
cording to the material used; but, if this is exceeded, breakage must 
sooner or later take place. A weight passing over a beam at a great 
velocity will occasion a greater deflection than one at rest, the amount 
depending not only upon the speed, but also on tlm rigidity and mass of 
the structure; lienee Eailway Bridges are tested first witli a maximum 
dead weight left on for a certain time, and then by passing a heavy train 
over them at a high speed, the deflection being noted in each case. 

The deflection produced in a beam supported at its two extremities, is in 
direct ratio to the seprare of the length, and inversely as tlm depth. Now, 
it has been proved, that a bar of cast-iron ono foot long, and one inch 
square, may be deflected '02 of an inch without injury to its elasticity, 
From this we see that the safe deflection of a cast-iron beam of given, di¬ 
mensions, may bo obtained by multiplying the square of its length by -02 
and dividing the product by the depth. The deflection thus obtained 
would be about one-third the ultimate oue, and should never bo exceeded in 

l a 

practice. D = '02 

133. Section of Girder .—In Yol. I., Chap. X., it has already been 
shown that when a beam or girder is loaded either permanently or by 

* By the present rules of the Board of Trade, for every cast-iron bridge tho breaking weight 
should he equal to three times tlie permanent load due to the wuiglit of the superstructure, added to 
six times the greatest moving load that can he brought upon it, 

For every nought-iron bridge, the greatest weight which can bo brought upon it added to the 
weight of the superstructure, should not produce a greater strain on any part of the material than 
five tons per square inch, 



IKON nitlDQKS. 


131 


irei'dits moving ovci 1 it, it is subjected to a transverse strain, which may 
be classed under two distinct heads, viz., compression, and e.r/rn.w/i. It is 
obvious that a beam being loaded, will, however trilling the deflection may 
be fonn an inverted arch, and, therefore, tlm top of the beam will lie 
subjected to compression, whilst the bottom has to undergo a certain amount 
of extension. 

Between the top mid bottom there is a line railed the neutral axin, upon 
which there is no horizontal strain whatever. Tho position of this lino 
depends on tho section and material of Hie girder; for instance, in a square 
or rectangular section, the neutral axis will be. exactly in the centre, pro¬ 
vided the strains arc within the limit of elasticity. 

Now the resistance of east-iron to compression being six or seven times 
greater than its resistance to tension, it is evident tlmt it would not he 
on economical distribution of the, mein) to arrange it, with a square section, 
tut that it should ho so arranged as to offer the greatest resistance whore 
the liability to give way is the greatest, viz., at tho bottom (lange. h’rom 
many experiments it has been proved that a beam of an inverted T section 
like this J_, and subjected to a fixed weight will resist, before fracture, 
four times the weight of the same beam inverted, thereby showing that 
the increased mass of metal can lie applied with considerably greater 
advantage) at the bottom than at the top of the beam. The strength will 
also ho greatest when the flanges are at (he. greatest possible, distuned from 
each oilier, and from the neutral axis, and wbon (he latter is in the hue of 
gravity of tho section; this object might be attained by making tho tup and 
bottom flanges of the same width, and producing the difference in sectional 
area by making the, top flange one-sixth of the, tldekness of the bottom 
one, hut this would involve not only iliilieultios iu easting, but also u great 
weakness of the top (lunge, it is, therefore, usual to giro the same Lltick- 
jioss to both flanges and to reduce tho widl/i so aw to obtain the required 
sectional area, which in lliis ease should bo made somewhat greater, as 
tkeurctically speaking the metal is not distributed to tho greatest ad¬ 
vantage. 

134. Strength of Girder .—The formula generally used in calculating 
tho strength of cast-iron girders, is W = —W being the breaking 
weight iu tons applied at tho middle of the girder, a the sectional area of 
* For tho investigation of thin formula, sets “ Fiurbniru on Wrought Iran,” p, 230, 
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tlie bottom flange in bt|uaie inclies, d the depth of the beam, and l th e 
clear span, c a constant, which from numerous experiments has been as¬ 
certained to be 26. The top flange is made about one-fourth the section 
of the bottom, flange. 

This refers to tlie middle of the girder where the greatest strength j s 
required. But as the load is evidently less effective as we appioach the 
points of support, a less amount of material will suffice as we recede from 
the centre, and where the bridge is only subject to a fixed load or to a 
comparatively small rolling load, as in the ease of a road-bridge, this dimi¬ 
nution is effected by giving the girder a parabolic form in rts longitudinal 
section, the area of the flanges remaining the same. 

In the case of a Railway Bridge where the rolling load bears a much 
higher ratio to the fixed load, the section of uniform strength should be 
that of a semt-ellipse.* 

But as it is 'better always to work from fiist principles, a different 
method of calculation will be given that applies to all matenals alike If 
we call W the uniformly distributed load which the beam will have to 
hear, and d, a, and l, the same as before, wo may assume 1'5 tons per 
square inch, as the woilqug tensile strain of cast-non; then regarding 
half the length of the beam and its depth as a bent lever, wo have foi the 

direct strain on the lower flange S = --jfj-t but the girder must be made 

so as to resist this strain; theieforo S = 1-5 a. By eeprating these two 

» Vol I.,p 178-179. 

t Let A B be a beam of length l> and dopth d, supported at both onda, Lot w = woight of each 
unit of length, then w l = "W = total 
"W 

distributed load = — acting at centio of 
beam 

To And tho moment of strain at any point 
C; let AO = x then the weight of AO =; 
to x acting at centre of giavity of AQ and, 

the moment of this weight about G = ux X = i^ 2 . Also the ic-action at A = ~ and the 
moment of this fence about the point C — -—The difEeiencc of these momenta M = mo¬ 
ment of absolute stioiu at C =; ■—— - ■—J" (supposing tho llist to bo tlio gicatei, Pinch it must 
bo or the beam would bleak) = (l - t) AX is a maximum when 0 is (it tho centio of the span 

oi'when x s — , therefoio, in this ca^eAl = ~~r J ' *r ~ 5 and if S be tho horizontal fitiain at 

* 4 -4 b 

the centre acting with a leverage Sd ~ M = ~~ oi Sr It may also be ployed by tba paral¬ 
lelogram of forces. 
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rnlues of S we obtain by transposition the relations between a, l and it, and 
l being given, the relative proportions of a and d are determined by expe¬ 
rience. Of course, the value of S will differ iu all materials. 

As an example take the following bridge, given in Humber, as one of 
{hose on the Great Northern Itailway; the section at the centre is hero 
shown, the clear span being 23 foot. 

Taking the formula W = wo have in this ease « = area of bottom 

flank's =18 X 1'5 inches = 27 inches. 

d = depth of girder = 27 inches. 

I = clear span = 23 feet = 27G inches, 

c = 26, then 

W = bieaking weight in tons — = 

68 tons, and the distributed load over I ho bridge at 
li tons per foot would bo 35 Ions, to which add 5 toirs 

for the weight of tho two girders, and 4 tons for the '« _ ... 

iiipeistmctuie, and we get 44 tons; equivalent to 11 

tons at eentte of oacli girder, which is about ono-bixtl» of tho breaking 

weight, 

By the other formula, tho maximum strain on tho lower flange will 
be S = ; W being the distributed loail = 22 tonh, S = — 

28 tons, and as tho working tensile strain of cast-iron is i’5 tons per 
square inch, wo require 1G square inches to stand this strain, and as we 
bare 27, the girder is amply strong enough, tiro strain being only 28 tons 
or 1 ton per squaro inch. 

135, For the construction of tho Roadway, one of the simplest ways is 
to have flag-stones connecting the girders, placed on tho lower flanges. It 
is evident, tho girders must ho pretty close together, or this would be too 
weak. Another way is to turn brick nrchoB connecting the upper or lower 
flanges of the adjoining girders. For railway bridges whero tiro rails are 
carried on the girders, tho intervening spaces may be filled in with cor¬ 
rugated sheet iron; and this is, perhaps, the most economical. 

Cast-iron roadway plates for foot and carnage bridges may also be used, 
say 4' X 2' x f" for a roadway of a total weight of 200 lbs. per 
square foot. 

Wo shall examine the methods used for larger structures in treat- 
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ing of Wrought-iron Girder Bridges, to whicli we now turn as by far 
the most important, as it has already been ohsciTcd that there ale ceitain 
limits beyond which the application of Cast-iron is not advantageous either 
in point of durability or economy. It is true that Wrought-iion is more 
expensive than Cast, but this is only relatively so, as the weight of the stm c - 
ture being considerably reduced, what is lost by high price will be to a 
great extent gained in reduction of weight. 

130. The principal kinds of WnouaHT-inoN' Bkidckes are :— 

1. The Plate Girder, in which the connecting web between the top ami 
bottom flange is formed by a solid plate. 

2. The Tnbnlar or Box Girder, where the roadway is snppoited by tiro 
or more girders in the shape of a rectangular tubo, oi is earned inside tho 
tube itself. 

3. The Trellis or Lattice Girder, which consists in a top and bottom 
flange, connected together by means of flat diagonal bars or T irons, by 
which the strain is transferred fiom the centre to tho piers, the roadway 
resting on tho top or being suspended from the bottom. 

Plate Girder .—Tho flaug-es are made of plates of iron rivetted to¬ 
gether by Wi ought-iron holts. The connecting web is also of plate iion. 
The angle irons connect the web and flanges together; and the thickness of 
all three depends on tho size of the gn-clor and tho weight it has to esury. 
In all girders it is evident, there will be a tendency in the flanges, to ap¬ 
proach each other when the weight is applied, and the chief use of the web 
is to keep the flanges in their places. 

In order to strengthen the web, stints or stiffening plates (as they aio 
usually termed j are fixed at intervals along the whole length of the girder, 
at right angles to the flanges, and are of such section as well best resist the 
action of compressive force. 

As to the proportions of this girder, it has been found by experiment 
and calculation that the most satisfactory proportion for depth is one- 
twelfth the span. Tho compression or upper flange must not only be made 
of sufficient area to resist the crushing force, but must also be of suck foim 
as will resist tbc tendency to buckle. The resistance of wrought-iron to 
tension being, as said above, about one and a half times its resistance to 
compression, tba sectional area of the top flange should theoretically be 
half as large again as that of tho bottom flange; in practice, however, it 
has been found more economical to let the connecting web and its stiffening 
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plates sustain part of tlic compressive strain, and to make the upper flange 
only about one-sixth larger than the lower flange. A variety of sections 
are used in different oases, and some of the most ordinary ones are given 
in the Plate. 

Girders have been construe,ted with wrought iron webs and bottom 
flanges, and cast-iron top Haugen, in order to take advantage of the 
superior strength of cast-iron to resist.compression. But tho objections to 

are _1st, We may obtain unsound eastings; 2nd, Cast-iron ruptures 

without any warning; 3rd, It will not boar vibration so well as the other ; 
4th, The expansion of tho two metals by change of temperature is unequal, 
and might cause nnlookod for strains, 

137, Strength of Girder. —Now to calculate lire strength of thoso gir¬ 
ders, we may either employ tho same formula as before, W — iLlLH, simply 

altering the value of tho co-efficiont C, from 2(J for Cast-iron, to 75 for 
Wronght-iron. 

Or, we may take tho other formula S = ; wlioro 8 = direct strain 

on one flange, Z = clear span, and d ~ depth, W = total uniformly dis¬ 
tributed load. Whence wo got the value of 8, and nw tho girder must resist 
this strain, wo take 8 (or its value) as equal to a (sectional area of (lango) 
multiplied by safe working strain per square inch, which for wrouglit-iron 
ia 5* tons. Hence wo got the value of «, and must arrange our plates 
accordingly; d, as in tho case of cast iron girders, should bo oiio-twolflh 
Epnn, 

To apply tho above formula)-—lot us take a bridgo given in Humber, as 
one of those on tho 8uuth Staffordshire llailway, tho soction of which at 
the centre of the girder is shown in Plato XXXL, Fig. 1, tho clear span 
being 51 feet 4 inches. 

Here, taking tho formula W = wo have for tho valuo of a; 

2 plates = 22" x y = 22" 

2 angle irons = (3|" -f 3") x = G , 5' / 

Total,. 28-5" 

6', c = 75', l =»01H" = GIG". 

28'G X 73 X 75 osn , , 

--= 250 tons, nearly. 



* Or i to Iqub in tho case oC rlvuttcU pluU'K to allow for woalauipa cannon liy rival; liolow. 
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Now the total weight on each pair of girders would be— 

Weight of wiouglifc-uon ou each span, - 

„ timber m platform and longitudinal heaters, ... 

„ mils, ••• . 

Distributed load at 1| tons per foot run,... . 


Ulna. ema, 

23 io 

9 7 

1 3 

G3 0 


Total on each pair of girders = 99 tons, 

which is equivalent to 25 tons at centre of a girder, only one-tenth of the 
breaking weight. 

By the other formula, S = qr~ = hi tons, nearly, requir¬ 

ing an area of 13*5 square inches, at 4 tons per square inch; and we hare 
28 inches, ample strength, the real strain being only 2 tons per sectional 
inch of bottom flange. 

138. As to the Roadway, it is evidently always best to have the main 
girders supporting the rails directly when the intermediate spaces can be 
filled up by any of the methods mentioned for cast-iron girders, but as this 
would evidently only be applicable to small bridges, the usual arrangement 
is to have cross girders resting on the main girders, and about 3 feet opart, 
over which longitudinal sleepers carrying the rails are bolted down. Thebe 
cross girders are somtimes of cast, but generally of wrought, iron, and the 
section may be similar to that of the main girder but smaller. The same 
formulae apply as above in calculating tlioir strength, the load on each cross 
girder being the width of the bridge multiplied by distance between the 
cross girders and by the load per square foot. 

The cross girders may bo fixed on the top of the upper flange or oil top 
or bottom of the lower flange. In the former caso the connecting holts 
need only be strong enough to ensure the stability of the platform. In 
the latter they will have to resist a tensile strain equal to the total load on 
the cross girder. Thus, if the load on any cross girder be 20 tons, the 
total area of all the bolts or rivets by which it is snspended from the main 
girders, must in no case be less than 4 square inches, and in most cases 
twice this area should be allowed. 

In calculating the strength of any holt from its sectional area, it is of 
course assumed that the bolt itself will be drawn in two before the thread 
is stripped. This question will be discussed further on. 

Another and very common mode by which the cross girders may be con¬ 
veniently connected with the main girders, consists in attaching them to 
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the webs of the latter by means of anglo pieces or brackets, which are fasten¬ 
ed either to the webs of flanges of the two girders or to both (shown in, 
Plate XXXI.) 

139, In erecting straight girders it is usual lo build them with a slight 
camber, from the ends up towards the centre, so as to allow for deflection. 
The amouut of this deflection may bo calculated beforehand in designing 

r\r 73 

the bridge by the formula D = 0-00002S -^r > vrlioro W — total 

weight in tons, l the clear span, and d tho depth of the girder; D =3 
deflection at the centre of tho span. 

110, Tabular Girders aro only varieties of plate girders, and have 
alicady boon noticed in Vol. 1, p. 17(1. A tubular girder consists of two 
plate gilders, in which the top and bottom flanges are so broad that they 
meet overhead and down below. In tho Uiitaunia and (Jonway bridges, 
and that over the hit. Lawrence, tho bottom llango forms a platform for tho 
roadway which runs inside the girder, and tho flanges are made cellular for 
the sake of stiffness. In other budges of this class tho roadway is sup- 
potted by two or more tubular girders, which, of course, .aro not so large as 
those which have to cany tho roadway inside them; both of theso aro only 
applicable to large spans. The calculations aro tho sumo as for plate- 
girders, ancl need not bo entered upon boro. 

111. ’ Of Trellis or Lattice Girders tlicro aro several forms. The sim¬ 
plest are those known as Warn‘ids patent; they have been largely used on 
Indian Railways, hut have oT lato grown into disfavor, chiefly bocauso tho 
vibration of a heavy rolling load Juts been found to loosen tho connecting 
holts, and the failure of any ouo joint would seriously imperil the safety of 
the whole sLrucLiuo. Combining, however, sis they do tho important ele¬ 
ments of economy, purl ability and simplicity of construction, they aro 
likely to be extensively employed in this country, if only for road bridges. 

A Warre/i’s Girder consists of a lino of cast-iron tubes on the top to 
resist compression, and a lino of wrong]it-iron flat links or chains along tho 
bottom to resist tension. The intermediate space or depth of tho girder 
is filled up by a series of struts and ties of cast and wrought-iron, placed 
alternately, so as to form with parts of Uio top and bottom a series of equi¬ 
lateral triangles; tho roadway limy be arranged at tho top or bottom, or any 
intermediate points. If a = length, and s — strain on diagonal, W tho 
uniformly distributed load, d, l and S being tho samo as before, then at tho 
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centre, 8 = —as before, and s = ~, which will be transmitted uni¬ 
formly from the point of application of the load throughout all the diagonal 
of the girder, the nature of the strain on each successive diagonal bein» 
alternately compressive and tensile. 

And at any other point, distant x from the abutment, we shall hais 
(nz'cfepage 134) S = ^ (lx — a; 5 ), and for any other diagonal, $ = 

y being the distance of the foot of the diagonal from the centre of girder 
when W is on the top. If W is on the bottom, y is the distance of the 
top of the diagonal from the centre. 

Calculation of strain on Warren's patent girder, under load at centre of 
250 tons, equivalent to a uniform load of 500 tons. Span, SO feet. 



The span of 80 feet is divided into 13 equal spaces, forming equilateral 
triangles. This gives each side of the triangle 6-15 feet, and the depth of 
the girder 5-33 feet. 

Then l — 80. 
d=z 5-33. 


a — 6-15. 

W — 500 tons. 

S sa Horizontal strain at centre. 
s = Strain on a diagonal or lattice bar. 



r.00 x SO 
8 x 5-83 


938 tons. 


W a _ 500 x 0-15 
id 4 X 6’33 


144 tons. 


This is uniform throughout the whole length, being alternately com¬ 
pression and tension on the alternate bars. 

The horizontal strain at any point is S = ~~ (l x — x 1 ); m being dis¬ 
tance of point from the abutment. 

The strain on any diagonal b is 

W 
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i ;r we consider the load to be on the top of the girder y = 83‘82 and 

_._ 5S ™« 2=Mlloua . 

If the weight were attached along tlie bottom, y would be 36'9, and 

fi00_xj IS _ X3M 266 tons. 

80 x 5-30 


112, Other forms of Lattico Girders hare lately been much employed 
both in India and elsewhere, especially for largo spans, as in tlio ease of 
the two great bridges oyer the Jumna at Allahabad and Delin'. Tho top 
membem usually consist of a scries of wrought-iron boxes or cells; tho 
bottom members of a series of bars laid side by side, anil bolted together; 
the strength of both increasing from the ends to tho contro where tho 
strain is the greatest; the diagonal lattice bars on tho contrary increas¬ 
ing in section from the centre to the ends to which llio stiain is even¬ 
tually transferred. The light and graceful appearance of tho lattico girder, 
and the ease with which it can he taken to pieces and put together 
again, while any defective part can be easily repaired, make them groat 
favorites with Engineers; though it is said they are neither so strong, stiff, 
nor economical, as plate or box girders. The calculations of strains avo 
similar to those for Warren’s Girders. 

143, The strains orr the several paits of tlie.se as well as other Iron 
Girders may be also woikcd out from the formula; givon in tho last chapAor 
for ’Wooden Bridges ; to which the reader is referred. 

144. Continuous Girders .—'The advantage of the continuous arrange¬ 
ment in a scries of gilders has been already explained in Vol. I., Art. 191. 

In a girder of this description, extending over two spans, tiro portion 
next the abutment for the length of thico-fonrtlrs of one span, should bo 
treated as if a detached and independent glider with tho loading which is 
due to its length, and the strains upon each of its parts should be calculated 
accordingly. 

The remaining one-fourth should be treated as a cantilever ( i. e., a 
beam fixed at one end only) projecting from the central pier, and supposed 
also to be detached and independent. The strains induced upon it arc as 
follows:—One-half of the total woiglrt of tho supposed separate girder above 
mentioned (or the weight of three-eighths of one span), is taken as placed 
at the extremity of the cantilever at a. In addition, there are the strains 
from the loading upon the cantilever itself, and the sum of these double 
effects gives the total strain upon each portion of the supposed cantilever. 
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If the distance of three-fourths of the span from the abutment fall int w _ 
mediately on a hay, it will he better, for convenience of calculation, and f M 
socmity of construction, to include that bay in the sepaiate lengths both 
of the girder and cantilever as supposed. 

The point a where the supposed girder and cantilever unite, is usually 
Called the point of contrary flexure, because, a loaded continuous glider 
assumes a curved outline which is concave from the abutment to this point, 
and convex fronftkence to the central pier, as shown in the figure. 




It is also to be especially noted that the horizontal strains over the pier 
become tensive in the upper flange and comprossivo in the lower between 
the points of contrary flexure, as shown in figure; the portion treated as a 
Cantilever having its strains 1 oversell as compared with those of a gilder. 

When one of the spans is more heavily loaded than the other, (which 
takes place, for example, in the case of a railway train when occupying 
one span only during its passage of the bridge,) the position of the point of 
contrary flexure is biought nearer to tlio central pier, and the portion of 
the structure next the abutment must be calculated as a girder of greater 
length than three-fourths of tho span. The following formula will give its 
length in this case:— 

Let W bo the weight of the heavier span; 

W l bo tho weight of tho lighter span ; 

And L the length of ons span; 

7 W— W 1 

^ken •—— x 1 = Distance from abutment to point of contrary flexure. 
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r 0iig distance should bo taken in practico aa the length of the girder por¬ 
tion next the abutment, of which tho strength should be calculated accord¬ 
ingly. But the length of the cantilever portion must still lie estimated ns 
one-fom 111 of tho span, since it becomes so when both spans are fully load¬ 
ed. In fact, the point of contrary flexure is vaiied in its position by un¬ 
equal loading, and both girder and cantilever must be made suitable for the 
the extreme vaiintion in each case. 

In the case of a continuous girder of three or moie spans uniformly 
loaded, the distance of tho point of conti ary flexure is altcicd in the first 
opening to four-fifths of tho bpan instead of fhree-fouiths; and in tho 
the middle span or spans, the length of tho cantilever portion is increased 
from one-fourth or twen fcy-fivc hundiedths to about twenty-eight lnmdiedths 
of the span :—tho remaining portion of forty-four hundredths of tho 
ccnlial span being ticatcd as a detached girder as before described. In other 
respects tho girders arc treated similarly to those over two openings, as 
above described. 

145. The ends of girders when erected usually rest on east-iron bed¬ 
plates fixed in tho abutments; and, to allow loom for tho expansion and 
contiaction of tlio mass of metal from changes in the temperature, one end 
either rests on cast-iron rollers, or it is fixed oil to tho bcd-plalc by slotted 
holes. 

The parts of a girder may either be put together into 0110 piece and the 
whole raised or lolled on to if & place, or a timber scaffolding may bo elect¬ 
ed on which the girder may bo gradually lmilt up. 

146, Tho following is a doseiipliou of tho Lattice Girder Bridge over 
the Jumna at Allahabad, on which the East Indian Railway is carried:— 

The design pun ides foi a double line of Railway and Roadway, tlie lulls living 
‘earned on tlio tops of the Wain UudciH at a blight el about 17 fiet lion) (ho siufaeo 
of theloadnny. Rncli span was intendul lo consist of two rhstmit bridges, plated 
sale hy sale, and each Iniclgc nan designed to tnny a railway and louchvay ; tho 
struituro, lionover, Jins only been completed for a single line, though tho Wasmiry 
andiron bupeisluictmc of tho pieis have been elected for both. The Main (Judcis, 
of which thcie aic two to each Inidgo, are composed of the follow nig pints, vw ,, n, 
top eompiessive member funned of wrouglit-iion boxes or colls, a bottom tension 
fliiuge of wiouglit-iion Imis or links, and a web which is o£ the tiiiinguhu piineiple, 
and consists of a sciies oi wnmghL-non studs and lies, the former of which aio 
placed m a veitical position. Tho cross girdcis Xoi tho upper roadway me placed at 
distances of 1 foot 0 inches apnit, and nic of the constiaction shown m figuie ; those 
for the lower roadway, aic placed in paiis at a central distance of 4 feet C inches 
between each pair. Tho plafcfoini of. the lower loadway, which is formed of a double 
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thickness of 2-inch plankmg, is earned on 4 wi ought-iron continuous longitudinal 
joists, which lest upon the cioss-gndeis jnst mentioned, these joists arc braced 
together on the undei side by wiought-non bms 3 inches wide, and f-mch thick 


Toial weight or Bridge. 


15 Gndeis, ...... 

Tons 

3,769 

CwC 

15 

Qta 

2 

Lbs 

14 

14 Platfoims, ...... 

23 

16 

0 

0 

7 sets of bed-plates, with lollei anangements, 

124 

4 

2 

T 

7 sets of bcd-platos foi fixed bearings, . 

09 

6 

1 

0 

1 foi land pier, , 

9 

15 

0 

0 

1 foi land pici, ..... 

7 

19 

1 

21 

Weight of supeistiuctmefoi one line of lailway and load- 
way, . ...... 

4 034 

1G 

3 

14 

Weight of nomvoik m pieis, .... 

159 

4 

0 

0 

Total weight of uouwoik in budge ns executed, 

4,194 

0 

3 

14 

which, foi a length of 3,330 feet, gives a total weight of iron 

pci foot-urn of 1 235 


tons 

The following me the plump'd points in the Specification — 

Thewholeof the 1Viought-i?on usedfoi the woik, is to ho fiee fiom scales, blisters, 
laminations, and all othei defect. Ko plates, lwis, oi nngle-nons, will he appioved 
which are found to exceed, oi fall short, of the specified weights and dimensions, more 
than 5 pei cent 

The bars, and all paita of the ghdeis whatsoever, which may he subjected to ten 
sion, aie to bo capable of bearing a tensile sham of, at least, 20 tons on the square inch 
of section, under the concussion of a blow stiuek with a lieai y hammer 

The imets are all to lie of the best quality of Stniloulshne uvot-non 

The bolts and nnts, and the houzontal biaces, me to be made of the Monk Budge 
“ best,” oi of Biadloy’s S, C, ciown non, or of such othu non of equal quuhty, ns shall 
be specially appioved by the Engmeeis. 

The ftamei of the expansion lollu bcajinffs are to be foigcd from Bow Moor,or 
Barnley, oi the best Monk Budge non 

All the Castings are to he clenn, sharp, true to foim, and fi ee Ciom an-holes or othei 
defects. The bed-plates and i oilers me to bo cast fiom a mixture specially selected 
for haidness 

The bolt-holes in the bottom bms, and in the diagonal tics, aie to bo made as follows 
•—Holes not more than 1ft inches in cliametei, aie fust to ho punched tluough the bars, 
as nearly as possible oier the centaes of the finished holes, then position haimg been 
accurately marked off with a template The bms, in sots of fiom six to tnelie, me 
then to be stacked on, and bolted firmly, to the bed-plate of a boung tool, mado or 
adapted specially foi the puipose In this position all the holes me to he boied, with¬ 
out the bai s being shifted from the bed-plate, the Loimg tool being passed through 
the holes punched in the bars, and guided m steel bushos, both above and below the 
tool 

All angle-w ons whatsoever, not expressly excepted, are to be in smglo lengths, with¬ 
out welds oi jomts. In the stmts and intermediate gndeis, they are to he carefully 
bent at a sufficient beat, to the required foim without being cut 
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The plates of the horizontal loxes are to bo in one length, without joint's; and 
throughout all the giulov work no joints or joint-plntes will bo permitted, boyond 
those shown on tlio thawing's. 

The %-s by which the liorirontnl braces on tlio giulcis are affixed to the top boxes 
are to be of forged sciap-iion ; after being drilled to take the rods, they are to bo 
rivetted on the boxes accurately in the line of the braces. 

The braces themselves are to he lodsof 3 ^ inches in diameter for their general 
length, hat having pieces of rod of huger diameter rvoldod on their ends, to tnko tiro 
screwed portion without reducing the section below that duo to a diameter of 1J inches. 
They aie all to be sciorvctl at each oiul for a longth of not less than G inches, and pro¬ 
vided with double hexagonal nuts. 

lower Roadway. — 1st. Four rows of continuous wionglit-uon joists aio to bo 
hid from, end to end of tlio bridge, to carry the lower loadway. The outsido rows 
consist of bais 7 X fj with two angle-irons at each edge, each Si" X V x {"• The 
lonci flange is strengthened by a plate 10" x 1", also l mining ilio whole length of 
the hnilge. These joists, with tho 30" pinto m-otted to them, nio to he sent out com¬ 
plete in 20 feet lengths, tho connections botween the plates being made ns shown. 

The intermediate joists consist of bans 8" x T V'> with two angle-irons, 2i' x 2" x i' 
at each edge, to bo made up m 20 foot lengths ns before. 

All these lengths are to bo so arranged as to break joint with each other. 

The cross-girdeis nio to bo punched out rvhero these joists cross them, so tlinL they 
may be livetted together in India. 

These joists me to bo braced together on tho underside, by wrought-iron bars 3* 
wide, by }' thick. 

2nd The vertical struts are to lie connected together at the lower ends, with platen 
I’ thick, 15' deep, and of such width ns will fill up tlio ilistauco between the vertical 
angle-lions of the stiut rivetted to the shuts with lour If i ryots on each sida. 

3rd, The end bars of tho lower member of tlio girder nio to ho stiffened by the in¬ 
sertion between each pair of i' bars, of a bar 3' x 1'. All those bins aro to bo rivot- 
ted together. 

Tho paiis of bars on each side of tho girder aio to bo further connected together by 
3' X bins forming a bracing as shown. None of tho rivetting is to ho executed in 
this country, except what is ucccssiuy to form tlio iiiteimediato liars into a bracing. 

Accuracy required, —It is to ho expressly understood, that as a rule, tho greatest 
possible accuiney is to bo attained in eveiy part of the work, tho object being to faci¬ 
litate the erection of the bridge in India by perfection of workmanship iu Ibis country. 
It is therefore intended tlmt all similar parts shall lit indiscriminately in all similar 
places and in any span. To ensure this, evory similar piece is to he tested on comple¬ 
tion, ns to tho accuracy ol its form and dimensions, in a gauge-test, and all those 
that do not conespond with such gauges will ho rejected. 

Testing. —Every span of tho bridge is to bo elected, rivetted together, and finished 
complete in every respect, except os regards timber-work, on the contractors promises, 
so that it may be tested under load. Eor this purpose it is to be put togothor upon a 
timber platform, ns specified in tho following paragraphs, and bearings nie in addi¬ 
tion, to be provided at two ends to carry tho girders when the wedges beneath the 
platforms are withdrawn. 

These bearings arc to be of solid masonry, built upon concrete, and (if necessary,) 
piled foundations, to prevent the possibility of settlement during the testing of tho span. 
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Should any settlement take place whilst tho whole on any portion of the baj ; 3 0B 
the bridge, tlie contractors will he required to remove all sneli load, to reinstate the 
bridge in its proper position hy means o£ the platform wedges, and to recommence 
anew the testing. The load to lie placed is 450 tons of pig-iron, J of which are tabs 
put upon the upper roadway, and the remaining 4 upon the lower roadway. It i s to 
he laid upon temporary plonks of sufficient strength, and distributed uniformly over 
the roadway. 

Ou the receipt by the contractors of the Engineer’s certificate of the satisfactory 
completion of the testing, the temporary rivets arc to ho cut out and the span taken 
to pieces, packed, and delivered for shipment. 

The girders are to lie erected on timber platforms, and must rest immediately on 
cross eills, with carefully-made folding wedges of hard wood beneath, each ciU, tho 
nills and wedges being sufficiently close to admit of the girders being readily raised 
or lowered by driving or withdrawing the wedges. 

These fills are to ho carried on piles-, if the nature of tho ground renders piling ad¬ 
visable, or if not, they are to be secured by other means from the slightest settlement. 

Tho required camber must be cave fully given to the platform in the are. of a circle, 
the chord or camber in the centre being li inches. 

Painting .—The whole of the materials delivered under this contract are to to 
painted with two coats of good zinc paint, or of Woolstau's Torbay paint, of aay 
color tho Engineers may desire, one to bo laid on as soon after tho formation of tho 
parts, and the other subsequent to the taking to pieces of tho parts, after then- tem¬ 
porary erection. 

The superstructure of this fine bridgo was designed by the Messrs. Itcndri, and 
■executed at the Canada Iron Works, Birkenhead. 

The following refers to another Bridge on the same line of Railway 

Tonse Bridge .—The lattice-girder was selected by Mr, Hernial, tho Consulting En¬ 
gineer to the Company in England, and the ironwork of the bridge, weighing about 
1,200 tons, was constructed by tho firm of Westwood, Baillie, Campbell and Co., of 
Millwnll. Tho Bridge consists of seven spans of 150 feet, and tho thickness of piers 
was 1-2 feet only at the narrowest part. 

The ironwork was erected on a double row of wedges supported by a scaffolding of 

sawn timber, consisting for rack 
span, of trestles about 110 feet in 
height, an elevation of which is 
subjoined; these trestles cnrriel 
six double rows of whole tiinlier 
balks us longitudinals, the tres¬ 
tles being arranged in pairs, sn 
shown in sketch, in which the outline of the girder is represented hy tho dotted lines. 

At the level of the top of the piers were four rows of longitudinals, t.ho outermost 
pair of which carried a lino of rails on which worked a travelling crane shilling 
across the girder. Tho inner pair of longitudinals at the lower level carried the ten¬ 
sion links of the girder, and the upper pair of longitudinals carried the compression 
member, or "top-boxes.” 

The trestleswco, in tho first two spaas erected, supported hy piles of sill timber. 
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shown in the drawing, but all the spans besides wore eroctcd on Btnges resting on a 
M E of about 60 slcepeis under each sill. The thread of tlio stream runs through No. 
3 °span (reckoning from east to west), and it was consequently necessary to fill this 
channel up and divert the river through an artificial out of 70 feet wide, passing under 
one of the spans already completed, a new temporary bridge being erected over tlio cut 
for com eying the supply of materials. As it was desirable to snvo time, the sleepers 
nere laid on the earth ns soon as it was tilled into the natural channel, and while it 
was in a state to barely support the weight of the coolios who filled it in. A bed of 
IS inches of dry sand was placed under the sleepers, which were beaten down with 
hcaw mauls before tho sills of tlio stage wero laid. The stages were erected with der¬ 
ricks" of which there wero live, each of 75 feet or more in height, working two on each 
side of the stage, the fifth being much stronger mul capable of hoisting •! tons to a 
height of 80 feet. This derrick proved very efficient, tlio great difficulty being in 
rai'ing it on end. This was done by two tackles acting from the top of ono of 
the piers and scoured to the derrick ttt one-third of tho length from its upper end. 
These tackles consisted of a pair of two sheaved blocks with double purchase crabs 
on the falls. 

The larger derrick was used for sending up the longitudinals of tlio singe, the 
traielling crane, the stones, weighing K7-I Inns, each, on which tlio lied plates of tlio 
girdeis, lested, and the heavier parts of tho girders Ihomselvos. The guys wero secur¬ 
ed to piles lo feet long, driven into the river bed where required. The smaller timbers 
of the stage wero sent up “ by the run,” i. e., l>y a gang of men running away with 
the falls of tho tackles. Above three weeks were required to erect tho stage for ono 
span, The longitudinals immediately under tho tension-links over tho SO feet bays, 
were strengthened by trusses (shown in Jingo 111) of wroiiglit-iron with oast-iron 
saddles. These had been tested up to 10 tons for each longitudinal of 21 inches by 
12 inches, and wero thus amply strong to carry the portion of the weight of tho 
girder imposed on them previously to its completion. 

The gilders tested on sleepers of Baltic fir or sfd, under which wero folding wedges 
of 3 feet long, the camber or upward curve being given to tho girder by additional 
wooden packings of different thicknesses under the wedges. 

The spaces between tho longitudinals were covered with the iron flooring jilatos, 
to be used in the upper roadway, so us to form a continuous platform from jiior to 
pier. Several fatal falls from the stngcs having taken jiluee among tlio workpeople, 
a net of ropes with mealies about 1 foot square was suspended from the under sur¬ 
face of tho flooring of ono span. This however was abandoned, when tlio rivotting 
commenced, owing to the danger of fire. Each frnmo of tho sjnuis was put to¬ 
gether on a plaster floor on tho river bank, and ouch pieuo umnborod similarly on 
euch side of ono of the joints, so that when tho frames wore taken apart for removal 
into the river bed, they might readily be selected. Wlicn tlio girder was able to stand 
alone, the stages were jiulled down by tho derricks used in their erection, the 
demolition of each stage occupying only about eight days. A largo quantity of 
“cheer” timber from tho Himalayas was used in tho staging; it much resembled 
white Swedish pine, and was rather a spongy sapjiy wood, not likoly to ho very 
durable. It was no doubt in an unseasoned stnlo, which may partly account for tho 
above defects. The rest of tho stages was oitlior of round ail spars, or squared 
Baltic or American fir. 

As the details of the Girders may not bo very easily discernible from tho drawings, 
VOL. II. 
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a general description of them may be useful in enabling the reader to understand tic 
method of their erection. 

They consist, like all framed girders, of parts constructed to resist compression at 
the top, and of a set of struts, which from their inclination convey the weight of 
the girder and load, from the top member towards the piers, the vertical part of this 
stress being again transmitted by a set of tension bars from tbe lower to the upper mein- 
her, again removed by tire next set of struts a stage further towards the piers, anh so 
on to the last struts, which bear against strong upright columns of boiler-plate on the 
tabular or “box” principle. As the strain on the struts and ties increases from the 
centre of tho girder towards the ends, then- scantling is gradually increased, there be¬ 
ing four classes of these bars in each span. 

The struts and ties intersect each other at right angles, thus forming a lattice wall 
of which the top-boxes may bo called tho coping, and tho chain of links securing the 
struts from parting at foot, may be called tire foundation. 

Two pahs of such walls make up one span, a floor being laid at the bottom of 
the walls to carry the carriage-road, and another overhead to carry tho railway. The 
lower member, by which tho bottoms of tho struts are tied together, consists of a 
double layer of flat bars or links placed on edge and united by bolts with each other, 
and with outer plates to which tho struts and ties arc rivetted, These links me not 
flexible like ft chain, but have tbeir ends rigidly connected by tho holts. This double 

lino of links increases in strength from tho ends to 
tho centre of the girder, tho number of links being 
greatest at the centre, and at the ends reduced to 
merely tho two outside plates carrying tho lattice 
bars. The lattices arc strengthened transversely 
by a bracing inserted between the walls, which 
form the sides of the spun and which are marked 
mw in tire marginal sketch. In this sketch tho 
bracing, which is of a zigzag form is indicated; 
RY is the railway, oc tho compression member 
or “top-boxes,” TT the tension links or lower 
member, RD tho road, and v>w the walls of lab 
tice work, or “ webs ” of tho girder. The bars 
composing these webs or walls are of the “channel” soction, (marginal sketch,) 
rivetted hack to back at the intersections. The top boxes 
are simply boxes of boiler-plates, increasing in Btangth 
from tho ends to tho centre, and secured together by flanges 
rivetted with inch rivets ; the ends of the boxes and tho 
flanges are planed, to ensure a good butt. 

Tho girders rest on blocks of cast-iron hollowed out underneath, and bolted to the 
bottoms of the “end standards” or vertical boxes. These blocks rest on “saddles" 
of cast-iron fixed at one end of the girder, so as to admit of a movoment there in n 
circular or vertical direction only, while at tho other end of tho girder the saddles run 
loosely on cast-iron rollers, working on planed surfaces, so as to admit of n horizontal 
movement during expansion and contraction under changes of atmospheric tempera¬ 
ture, as well as of a circular vortical movement to compensate the deflection arising 
from loads on the girder. The maximum horizontal movement due to a high natural 
temperature is about lj inch, the greatest actual movement taking place when the 
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nights are cold; the girders expand in the hot weather to tho Tull extent, and tlicir 
length remains then unaltered till a decided change of weather sets in. Under a Juno 
son the iron-work becomes heated to a degree that ronders it difficult to keep tho hand 
long upon it. 

Tlie ironwork of the westernmost, or of No. 7 Bpnn, was tho first commenced. Tiro 
parts had been carried into the liver bed and laid under the staging during tho erec¬ 
tion of the stage, and on 24th March, 1802, tho first portion was sent up for erection. 
Tins was ono of tho central outside plates of the lower member, tho whole of which was 
laid down as fust us tho materials could he got up. The tension links wore laid down 
to the camber and proper line, and temporarily connected by pins or “ drifts ” passed 
loosely through the holes ; on removing these, the holts wore substituted. These bolts 
are most important ports of tho bridge, and ought to fit with the greatest accuracy. 
Topi event any bending of tho holts or damage to tho screwed ends, tlioy wore driven 
in with 10 lb. copper headed hammers, or with ordinary sledges, with a load packing 
next to the bolts. These bolts are of tho best Bov, ling-bridge iron, mid very gicat 
cure bad been bestowed on their turning mid finishing. 

The lower member being completed, tiro central diaphrnnis were next got on end 
and secured in their plncos by coltois. Of those little 
implements, represented in sketch, several thousand wero 
made to sccuro tho parts of tho bridge loosoly together 
during overturn, bolts being employed for tho hmuo pur¬ 
pose whore greater accuracy was requisite. Tho centra 
“ top box ” was next sent tip aud temporarily secured, the 
others wero then added, resting on tho cioss beams of tho 
stage; tho vortical boxes or cud standards wero last got into place. 

The framowoik or outline of tho girder being tints completed, the lattice bars wero 
gut in and rivetted to tho uppor and lower members, the top boxes being simultancous- 
lyrivettcd together with the iron beams carrying tho roadway overhead. 

A few of tho iron joists of tho lower roadway wero coltcred on to keep tho girder 
steady, and a few colters put into tho intersections of tho lattice, ono raw of which 
on each side was also rivetted up. Tho girder was then ready for “launching” or 
lowering down on its bearings. This operation commonly took about 20 minutes, 
men being stationed at each pair of wedges, both above and below, i o drive them back 
with sledge hammers. Tho levels of about six points liud been previously observed 
with a spirit level, plat ed on ono of tliu piers, and those wore again rend oil when tho 
whole of tlie wedges were clear of tho girder, and the deflection in launching noted. 
The amount of this deflection or descent of tho girder is in a groat degree a tost of the 
workmanship displayed in tho manufacture of tho parts, and more especially in tho 
erection and rivettiug up. It amounted on an average of the spans to ljj-iuch, its 
minimum was |-inch, und maximum 2] inches. Tho amount of camber, or upward 
curve, given to tho spans, was from S to fi inches, from which tho descent in launch¬ 
ing was a deduction. This remaining eamhro was reduced frather to ono inch at tho 
mil surface by adjusting it in tho timber longitudinals of the load, 

The gilder being lowered up on its bearings, tho stage was next pulled down, and 
re-eiected for another span ; throe sots of staging, or a complete set for each of three 
spans, being used in erecting tho seven spans of tho bridge. 

At Hie commencement of tho rains in 1803, instead of pulling down tho travelling 
crane, it was placed oil a low truck, running on a lino of rails temporarily laid 
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on the top of the spans., and blocked with timber so as to steady it. The stage OTs 
removed from beneath it, leaving the side frames suspended outside the girder. When 
required to he removed to another span, ns there were no stages to carry it, it lva3 
transferred upon the truck along the girders already completed to the stage, which 
was ready to receive its wheels, for the erection of another span. The crane neighed 
7 tons, and it was a considerable saving of time and expense to avoid taking it down 
and erecting it on the top of the new stage when the rains were over. 

This crane was calculated to lift about 2 tons, and with it all the heavier parts of 
the girders were erected, except the bed-plates and end standards, which wore sent up 
by the large derrick before-mentioned. The lighter parts wore sent up “ by the run” 
by means of tackles hooked on the work where convenient; besides which a consider¬ 
able number of tho parts were carried up a slope of bamboos erected to give access io 
the spans for the workpeople. Besides the above tackle, a small derrick standing in 
tho lower roadway was found very convenient. 

Ten or twelve sets of rivetters wore employed in rivetting-irp eacli span ; each sct 
consisting of four smiths. Portable forges were sent out from England for this work 
but were speedily abandoned for the common native forgo, in which a small plate of 
iron for the fire, and a hand-bellows is ail the apparatus necessary, and which con¬ 
stitute a forge far more convenient to natives, than those on tho English plan. Tor 
the ‘workshops, however, the English forgo is almost essential. 

The most important of the other tools were screw jacks of from 5 to 12 tons pur¬ 
chase, aud powerful screw clamps for closing the bars of the lattice solidly together 
while rivetting. 

The rivetters had been well trained at the Soane bridge, and were thoroughly accus¬ 
tomed to tho work; the English rivetters beiug mainly employed in superintendence, 

After the girders had been launched, they wore completed during the rains. The 
upper floor is covered with iron plates, the lower with a double layer of diagonally 
laid sal planking caulked ut the joints, and 5 inches in total thickness. 

In tho case of die last two spans erected, the stages nnd pier were earned up simul¬ 
taneously, aud n considerable portion of the girder, No. ,0, was built on tho stage be¬ 
fore the pier had reached the level of tho bottom of it, so that no time was lost in tie 
erection of the pier and girdcis. 

The average time of erecting n span from tho laying down of the first plate to the 
11 launching ” was 28 days. 

The bridge was ready for tasting by February 22nd, I8G4, when the first locomotive 
passed slowly over the bridge, and shortly afterwards returned at speech 

The bridge was tested next clay by running a train weighing 200 tons over it at fall 
speed, and observing tho deflection produced by repeated passages. The maximum 
deflection noted was -jjf-inch, and the side vibration was but -f^-inch, or almost nil. 
The girders sprung up to their origiuat shape immediately after the train had passed 
them. The deflection was recorded by a pencil fixed to the lower part of one of 
the spans which was pressed by tho hand against a graduated paper fixed on a firm 
hasis independent of the span. The amount of descent of the pencil was checked by 
observing a point on tho girder with a spirit level placed on the ad joining pier, 

A copy of one of these papers is appended, showing the diagram resulting from the 
passage of a train weighing about 100 tons at 25 miles per hour. 

The rails were fixed in the ordinary chairs, spiked to beams of fir or sil timber, 
bolted to the cross hearers of tho span with four f-inch bolts at every intersection, 
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nd halved, hut not scoured together at the ends, play being allowed in tho halving 
Vr the expansion of the girder. The rails wore also cut to u half-lap joint nt the 
e jds which was secured by tho ordinary fish plains, having the holt-holes slotted to 
allow fit the mil and holts advancing and retiring with changes of temperature. 

When the fish plate bolts were screwed tiglil, the movement, which took place 
about an hour after sunset, was attended with rather a loud cracking sound, arising 
from the friction of the plates and rail, and the former became distinctly magnetic 
from the effect of friction. 

Them are two small spans formed of box girders of 24 feel, in length, giving access 
to the lower roadway nt tho ends of tho bridge, and covered with iron plates in con¬ 
tinuation of those on the main spans. These box gilders rest on expansion rollers 
sunk iu the stones which carry them. 

The lattice girder appears peculiarly adapted for bridges over Indian rivers and for 
railway work in general, from the nmliiplicnthm of its parts, which in a great measure 
obviates tho effects of had workmanship in erecting s an important thing, ns vivetting 
done by natives of India is never so good ns Hint done by ICnglishiucn, A defective 
portion, moreover, can he removed and another inserted without, detriment io tho 
structure, which has tho fmtliov advantage, of being composed mainly of bins and not 
plates which must bo an clement, of durability. The parts of a lattice girder more¬ 
over are light and of manageable size, a great consideration iu India. 

147, Iron Arched Bridges Iuivo been growing out of favor (luring 
the last few years, •which is certainly to bo regretted, considering tho many 
beautiful specimens that have boon erected, and the very ugly pinto Girders 
that have in many instances usurped their place. Where beauty is studied 
ns well as economy, llio arch will hardly bo displaced by any straight com¬ 
bination of forms known to tho Engineer at present. 

The employment of Wrought-iron for arches lias been chiefly confined 
to bridges of the Suspension and Bow-string classes. Tho best examples 
of the arch proper arc of Cast-iron, in the first instances the Metal Arch 
was supposed to come under the same conditions of equilibrium as an arch 
of Masonry; but where tho weight of the rolling load bears so Inrge a pro¬ 
portion to the weight of tho structure, as is the ease in all railway bridges, 
and seeing that tho bearing surfaces of the segments of the arcli are rigidly 
restrained by bolts, this theory is inadmissible, and is now generally aban¬ 
doned. 

The Metal Arch appears to combine in itself tlio properties both of the 
web and of the horizontal flanges in tho Plate and Lattice girders. Thus 
at the summit of the arch tlicro is a horizontal strain exactly equal to 
that which would exist in a straight girder of equal span and load, having' 

a depth equal to the versine; and the same formula Rpplies, 8 = ~ for 

0(1 

the horizontal strain at the crown of the arch. 



150 


IRON BRIDGES. 


As we progress from the crown of the arch to the abutment plate, the 
rib assumes more and more the offices of the web in the plate or lattice 
girder, and if at the abutment a tangent to the arch be vertical, the rib at 
that place assumes completely the conditions of the standard or strut at the 
end of a straight girder. 

Mathematically, it is found that an iron arch having’ merely a fixed load 
to sustain, should be of a parabolic form. With a rolling load, supposing 
the arch itself to be devoid of weight, the curve should be an ellipse. In 
practice, where of course the weight of the arch has to be taken into consi- 
deiation, the curve should he between the two, inclining to one or the 
other according as the fixed or rolling load preponderates. 

An ordinary cast-iron arched rib consists of three pieces, 1st, the Aiclied 
rib itself, which is made in several castings united by wrought-iron tie- 
bolts ; 2nd, the Girder which carries the platform, and which comes under 
the conditions of an ordinary continuous girder; 3rd, the Spandrih which 
are evidently a modification of the lattice girder. A proper number of 
these ribs having been put up they are braced together and the platform 
placed on the top. The section usually adopted for arched ribs whether of 
cast or wrought-iron is the simplest of theffirms employed for plate gir¬ 
ders, the X section. 

148 . Strength .—Let us suppose that a cast-iron arch is required to 
carry a double lino of rails over a span of 100 feet. Let the weight of the 
structure be 2’5 tens per lineal foot, that of the rolling load 2 tons, let 
the versine be 8 feet 6 inches. The rib is supposed to bo braced so as only 
to be subject to direct strains. 

Then as said above, the strain at the crown will he S = ~ 

8 d 

— °- x x 100 — 662 tons nearly, and taking 5 tons per square inch 

as the working resistance of cast-iron, to compression, the total sectional area 
at crown will be —~ = 132-4. square inches. If there are 3 ribs, the 

sectional area of each would be made 50 square inches to allow for defects 
in casting. 

This area may be provided by using such a section as the one , ( l, 
shown. IIP f 

The compressive strain on the transverse section at the abut¬ 
ments will be 1 S’ 
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— a/T cg 0 ) 2 + ~(Ts~^ 50) t ~ G95 tons nearly, requiring a sectional area 
of 139 squoio inches. It would bo advisable, therefore, to make tlio ribs 
9 f eet g inches deep at this place, the other dimensions being tho same. 

If the ribs were of wrouglit-iron, the comprossivo strain would be taken 
at 4 tons and dimensions somewhat greater than the above would bo given. 

The other details of arched libs do not require description. 

149 . The following is a description of tho Iron Bridge over the Goom- 
tee at Lucknow, of which an engraving is given in tlio present volume :— 

This graceful structure consists oL' tlueo enst-ium arches supported on pieis and 
abutments of brick masonry, the centre arch having n span ot 90 and a liso oi T 
feet, while tlic two side arches have spans of fiO feet, and a lise of 0 feet, Tho 
iron work vns received fiom England in 1788, dining the reign el Nawali Snadut 
Ali Khan, only twenty years after tlio erection of tho first iron bridge in England, 
General Mai tin, who was thon living at Lucknow, having it is supposed suggested 
the idea to the Hawaii. 

Tlic bridge was designed by Ronnie, being very similar to one erected by that fa¬ 
mous Engineer over the Withiim, at Boston, in Lincolnshire. The iron work remained 
unused at Lucknow more than forty years, when the bridge was at length Broctod by * 
Col. Eraser, Bengal Engineers, between tho years 1841-41 ; the cost of tlio masonry and 
erection having been Its. 1,80,000 j the cost of the iron work is not known. 

The foundations ato sunk on wolls in the usual way. Tlio width of loadway is 80 
feet, and its height above water-mark at tho eentio i3 35 feet. 

150, If we unite the ends of the arcli by tic-bars, wo do away with tho 
horizontal thrust against tho abutments; tlio tension on tho lie-bar is then 

W l 

equal to tho horizontal strain at tlio crown = In Bow-string girdors 

the roadway is usually suspended from tho arcli by standards, tho lower 
extremities of which are retained at their proper distances by pins passing 
through them and the tie-bars. The arcli and its tie are braced to resist 
the vibration of tho roadway. Tho finest example of this form of bridge 
is tho High Level Bridge at Newcastle-on-Tync. 

The mode for calculating the strains on the sovoral ports lias already 
been given in the last chapter. 

The principles involved in tlio construction of Susjieusion Bridges arc 
similar to those of tho arch, as the curve of the chain may bo considorod 
an inverted arch, the strains being however, tensile, and not compressivo. 
If the chain wero prefectly flexible and had only its own weight to sustain, 
tho curve taken by it would be that known as a Catenary. Practically, it 
is convenient, and sufficiently accurate to treat it as a parabola. 

In. suspension bridges, the roadway is suspended by vertical rods to 
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chains of flat iron links, or to iron-wire ropes, which hang from cradles 
or saddles carried by masonry or iron piers, and are continued on the op¬ 
posite side to what are called the anchoring-wells. The chains in such 
cases hare permanently to support an effort compounded of, 1, their own 
weight; 2, of the weight of the suspension-rods, which varies with the 
lengths of the latter; and 3, of the weight of the roadway, which may be 
considered to be uniform in the length of the span. But in addition to 
this permanent effort, it is necessary to take into account the rolling 
load, the action of wind upon the whole structure, and, as in the case 
of all iron bridges, the effect of variations in the temperature upon the 
various parts of the work. Local circumstances, also, may render it ne¬ 
cessary to modify the general system of suspension bridges; for at times it 
may be desirable to dispense with the piers and back chains, whilst in others 
it may he nccessaiy to introduce a series of spans ; in the latter cases, the 
chains may either be attached to the respective piers, or they may be 
.carried over a series of saddles. 

According to Navier (whose work, “ Memoire snr les Ponts Suspendus, 1 ' 
Paris, 1830, is still the text book upon this subject), the foimuke which 
maybe considered to represent the maximum tension in the direction of 
the arcs, and the horizontal tension at the top of the piers me T =— 

( p \ m 

^ + lj; and S = ^; in which W is the total maximum load upon 
the arc; l the span; and d the versed sine. 

Also, if any bar be inclined at an angle a to horizon, and if AO represent 
A the weight W 1 supported by that bar, then the tension 

-yyi 

— 'j. — and from the properties of the parabola we 

" c may find the length of the suspending rods and 

chain. 


The horizontal strain at the centre equals, as before, S = — 4 , and the 

Oft 7 

tension at any point = ya 1 -j- (wy) J , y being horizontal distance 


of the point from centre of span, and w as before = .3— ss load 

per lineal foot. Supposing it were required to construct suspen¬ 
sion chains subject to a strain of 1,000 tons at the centre, then 

the effective area would be ——■ = 200 square inches. If there 
be 2 chains, each must be 100, which could be supplied by 10 bars, 1-inch 
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thick and 10 inches deep, alternated by 9 bars 1J thick and 10 inches deep, 
but the ends of the bars must bo made wider to give room for the con¬ 
necting pin, and would bo as in the margin. 

Fiom the above formulas it appears that the greater the versed sine the 
less stiain is theie upon the piers, or upon the chains themselves; hut, 
at the same time, the length of the chain is necessarily increased, nud the 
horizontal vibrations of the whole system are also rcndeiod more dangerous, 
rrhilat the tiansverse vibrations are likewise increased. For tlieso reasons, 
the ratio of the versed bine to the span of suspension bridges is usually 
made to vaiy between the maximum ol' 1'7, to the minimum of 1'25 ; and 
m the Fribourg Bridge, the largest span hitherto attempted, the ratio is 
P14. The LiLtor ratio is the one most commonly adopted. In all eases, 
and whatever bo tiro material of the chains, the suspension rods aie placed 
at equal distances horizontally. 

One of the most important parts of a suspension-bridge is the anchoring 
of the end of the chain, so as to interfere as little as possible with the con¬ 
traction and expansion oi its metal, and yet to resist the tension. Giant 
precautions icquiie to be taken, especially in the lying-down wells, to pro¬ 
tect the chains from oxidation; and it may bo intoiosling to add, that somo 
of the worst accidents to suspension bridges have arisen from the clestrue- 
tion of the sunk pait of tlio back chains, precisely from this cause. This 
was the ease r\ith the Inidge at Angers, which fell in consequence of tho 
rusting of the niro-ropes in the wells ; and so much are the said wire-iopes 
exposed to this paiLicnlar danger, that it would appear to bo desirable lo 
exclude them entirely fiom that pait of the work. In the open air, or in 
positions rrheic they can bo easily examined, however, iron-wire ropios pre¬ 
sent many advantages over tho solid bar-iron chains or suspension-rods. 

The “Dredge’s Suspension budges,” which were very favorably leceived 
m England a few years since, have boon oven more unfortunate than tho 
other modifications of Lliis stylo of bridge. They weie principally remailc- 
able for the attempted application in them of the tlieorelieal principle that 
the stiengtli, and consequently the weight, of the chain in any part of 
its length should diminish in proportion to tho strain likely to bo thrown, 
upon it, and also for the peculiar inclined position of tlic suspension 
rods. Such a system, however, is deficient in its powers of resistance to 
either horizontal or transverse waves, precisely at the point whoro their 
action is the greatest; and the coiisequenco has boon that tho platforms 
VOL. II. w 
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have been obliged in many cases to be supported by an intermediate fram¬ 
ing. 

It must be observed that, whatever be the description of chain employed 
in a suspension bridge, the greatest danger to which that class of structures 
is exposed arises from regular impulses repeated at isochronous intervals. 
Occasionally the gusts of wind in storms occur thus; and the regular- 
cadence of a body of troops passing over a suspension bridge will also 
excite a vibration of a very dangerous character. In the case of the Pesth. 
Bridge, however, the dimensions given to the various parts of the wort 
have been sufficient to enable that structure to resist even the passage of 
troops in large bodies, in the hurry of a fierce fight. 

The French government do not allow greater permanent weights than 
those quoted below to be applied to the respective materials named in the 
table; and they require that the dimensions of the various parts of the 
works should be calculated so as to present the sectional areas correspond¬ 
ing with the safety loads thus indicated. 

Chain cables, safe load, per inch snpeificiul, ... 17,073 lbs. 

Iron wne cables, safe load, per inch snpeificial, ... 23,010 „ 

Yat hoop iion cables, sate load, per incli snpcificinl,... 19,913 „ 

Owing to the great danger from vibration, suspension bridges are ill 
adapted for railways. But for roadways they are economical and convenient 
for large spans, being light and independent of the nature of the obstacle 
they have to surmount. 

Of late, however, successful attempts have been made to adapt Suspension 
Bridges for Railways by employing various means to ensure proper rigidity. 
In the Niagara Bridge, this has bean effected by under-bracing, but this is 
not always practicable. It is better to make the parapet into a trellis or 
lattice girder, and carry it through the suspension towers. By making this 
girder strong enough to carry its own weight and that of the platform, in¬ 
dependently of the chains, the whole of the latter is available for supporting 
the rolling load, and great stiffness is imparted to the structure. The dan¬ 
ger of this arrangement arises from the possible unequal contraction and 
expansion of the chains and girders, by which the whole load might he 
thrown upon either without assistance from the other. 

A bridge of this kind has lately been designed by Lieut.-Colonel Taylor, 
C.B., R.E., for crossing the Indus at Attock. 

151 . The following is a description of the Suspension Bridge over the 
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river Beosi, near gaugin', in Central India, which is interesting as having 
been entirely made up in this country, some 30 years ago, nud ercctccl 
without skilled workmen:— 

The bridge is 200 loot in span between the points of suspension. 

The picis, resting on the solid lock, (i feet under the low level of the river, are 
4 s feet high to the roadway ; being elevated two feet above the ordinary surface 
of the enuntif j they have a base of .'12 feet by 22J, decreasing upwards in front 
1 in 5 and on the sides 1 in 8 feel, which gives on the road a superficies of 21 
bv If icet for each pier. On tbc sides arc wing walls or abutments, running back 
into the bank 2G feet. 

The pillnis, or rather arches, of suspension, have a lia.se of 21 by 12 feet, admit Ling 
monthiny of Dicot bro/ul. Tlio audios aro IS loci high, and are faced with accurately 
wrought stone. The points of suspension mo cluvnted 22 feet 4 j inches from ilio load ; 
the pillars have a total height of 82 feel, mid the whole nuisoniy from tlio rock, 08 
feet Tlio piers and abutments contain 82,188 cubic foot of masonry j tlio arched 
sbmdttids and budge parapets, 8,1)00 ; in all 1)1,288 cubic feet. 

Tlio platform measures 200 foot in length by 12 feet broad, and is calculated to 
weigh, with the chains, 52J tons. Supposing the bridge loaded with (1!) llis. per 
supeiflcinl foot, all over the plat form, the whole weight would lie 120 tons, whence 
it is calculated that tbc tension to be sustained at each point of suspension would bo 
85 (132 tons. 

The suspending chains are 12 in number, an'niigcd in pairs, threo pairs on either 
side, 2 feet above one another. They pass over rollers one Cool, in diameter, and me se¬ 
curely monied in masonry 1 (1 feet, below the siu'fuco oL tile road. Tlio back chains 
me 101 feet long, rising at an angle of 27 degrees. Tlio tingle of tlio catenarian at the 
roller is 10° with the liori/.on, the versed sine at tlio centre of tlio curve is 14 feet 3 
inches. 

The 12 mmn chains nro of round bar iron i J-incIi diameter, bolted together in pairs. 
They are from IB to 15'5 foot long, and ho arranged (lmt the vertical rods may fall 
from the joints of cncli chain alternately in parallel lines 5 feet opart the descend¬ 
ing chains are square bars measuring lj-inchon tlio side; their loner ends pass 
through 24 conically wrought stones, below which they arc capped and keyed. (Figs, 
1 and 2) 

The connecting links of the chains, and indeed nil the bolt holes in the bars and 
the drops, are boied out of the solid iron, and broached to fit the bolts accurately. 
(Mgs. 5 and G.) None were punched at the forge. Tlio bolls arc 1 J-ineb in diameter, 
and me seemed by rings, or washers and keys. Two adjusting links with iron wedges 
arc fitted to each chain, close to tlio masonry landward, to rcgulata its curve and dip. 
(Figs. 7 and 9.) 

“The iron rollers, 12 in number, weigh about one cwt. each. They nro not solid, 
hut me composed each of about 28 sopnrnto pieces of wronghl-iron, viz., a cotiho tube 
or box for the axle, over which thick rings nro driven ; mid nn exterior drum between 
which and the inner ringed tube, flattened bars, ns spokes, nro driven. Thu centres 
were broached out clean and true, and cylindrical axles .TI inch ill diameter were 
turned to fit, the cuds of those axles rest on broad thick iron bearings, mounted on 
very stiong and solid frames of timber well boiled, clamped, and blocked together, 
covered with pitch cement, anil secured ill ihe masonry of tlio pillars. ( /'igt. 7, 8.) 
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Platform .—''‘From the short links set between the centre plates of the shackles(o£ 
the main chains) are suspended alternately from each tier, 74 vertical round rods one 
inch in diameter, connected to a short link (Fig. G) by n 1-inch round holt passino- 
throngh it and the socket at the upper oiul of the bar ; at their lower ends the rods 
have eyes, through which doubled loops of iron pass (Figs. 3, 4,) for sustaining the 
flat bars or gilders, set on their edges and proceeding from one end to the other on 
both sides of the bridge. 

“The flat bars, 4 inches broad by .'(-inch thick, and in lengths of 13 fot flIe 
joined together at tlieir ends by nicely turned holts passing through bored holes 2 
inches in diameter ; they .are adjusted iu their height by double wedges, resting on 
holders that connect the sides of the loops together. The girders arc also adjustable in 
their lengths, the hnrs that enter the masonry have their ends mnde bronder than the. 
rest of the bam in which are long openings 2 inches broad to receive wedges (Fi/js. 10 
and 11.) 

“ Eight timbers in an upright position arc set in the masonry of the pillars, haiino 
upright grooves or spaces cut through them, and faced with thick plates of non; 
through two of these beams each cud bar passes, and may he wedged on cither side of 
tlie timber towards tlio laud as occasion may require ; thus is the whole length of 
girder drawn more or less to either end of the bridge, and also rendered exceedingly 
tight ami steady. The grooves in the timbers towards the river, being about 4 inches 
longer tlmn the breadth of the bars, peimit them to adapt themselves to tlieir proper 
directions when drawn lengthwise by the wedges acting against the landward beimnj 
by these means the liars have sufficient play to adapt themselves to the motion of tho 
platform, and all jerks at the pillars are obviated. 

“Thirty-seven double joists 12 feet long are (having their ends notched below for 
the purpose) laid on the girders: their centres 5 feet apart correspond exactly with 
the vertical rods that pass through them ; the joists are composed each of two checks 
a foot in depth and 3 inches thirk, separatedmt intervals by four blocks of wood of 
the same height and thickness ; nil firmly put together with holts, seven’s, and nuts: 
two cleats are nailed to each eml of the joists on their under sides, whose ends fit tint 
against the girder and keep all steady. 

“ Planks 10 feet in length running longitudinally, encii plank stretching over three 
spaces, and regularly disposed as to tlieir joints, are spiked down oil the joists ; in a 
direction across these, and upon them other planks are spiked down, their lengths 
being tho same ns the breadth of tho platform. Tho planks are all imbedded in n 
composition of resin boiled in linseed oil, which in laying on is mixed with ashes. 
The lower planks are 3, and tho upper ones 2^, inches thick ; they are only G inches 
broad to prevent warping, and have two strong square-bended spikes passing through 
them near their edges, nt every crossing of the upper over the lower planks; their 
points arc clinched below the platform, to accomplish which, 10,370 spikes, weighing 
a ton and a half, were used ; thus tho platform lias been rendered extremely strong 
and firm. 

“ The better to secure the sides of the platform and the cuds of tho timbers from 
the weather, a cornice or moulding of wrnod is nailed along the outside. 

“The hand-rail is trussed, and consists of iron pillars or stanchions ; diagonal 
braces of iron ; and a stout wooden rail miming from end to end of the platform; the 
whole put together with screws and nuts, and adjusting screws for setting up or 
tightening the diagonal braces whenever required. (.Fig. 10.) 
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“Therise in the platform is (aa before stated) 9 inches, hut the curvo of the hand¬ 
rail is only 3 inches, to effect which the stanchions that support the rail are of vnry- 
' ir lengths The rail being 1 feet 6 inches above the platform at its connection with 
the masonry, but only 1 foot in tlie centre of the bridge.” 

The following are the weights of the chains, rods and materials of the platform :—• 



J) on. 
Tons. 

Wood. 

Tons. 


G double main chains, joints and bolts, 

8 -5 

,,. 


74 vei tied rods, with joints, bolts, &t\, 

L'38o 

... 


Plat bars and holts. 

l'72(> 



37 double joists, blocks, cicala, &c., .... 


0-190 


Bolts, nuts, screws, stanchion plates, tlftt rings, &c., 

... 



from beams. 

0 388 



Planking 1,12-1 cubic feet, s.'tl wood, .... 

... 

27-000 


lion spikes, 1(1,370, for planking,. 

V-LG7 



Iron railing trussed, screws, nuts, &c., .... 

1-311 

... 


IVood for the hand-mi], 52 cubic I'cel, .... 

... 

1-179 


37G feet of cornice to tho platform, .... 

... 

1-531 


Composition of resin mid oil,. 

Total weight hung between tho pillars. 

11-775 

30-200 

50-975 

1-715 

52-720 


153, Tito Bolts, Bivats, Keys, &&., used in connecting lire various joints 
employed in Iron Bridges, require consideration as to their proper diameter, 
as also the proper form of joint in the several cases. It is too long a sub¬ 
ject to be gono into minutely here, but one or two leading points may be 
noticed. 

If two plates of iron are rivotted together and subjected to a compressive 
strain, their strength is practically not reduced by the rivet holes, provided 
that the latter are completely illled by the rivols. 

If they are subject to a tensile strain, the nett or effective area of the 
joined plates will bo found by deducting the area of rivet holes in any sec¬ 
tion of the plate from the total area of such section. 

If S be the strain to which the joint will be subject, n the number of 

rivets, d the diameter of one, then cl — ■ —,. - — 

If I) bo the breadth of the covering plate, t tho thidnioss of the plates, 
then S the strain = C&f — bcltn — 5t — ml); when substituting the 
above value of cl we can get the requisite breadth of plate 5. 
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From tlia above calculations it will be found that a singlo livettedlap 
joint could never be made as strong as the entiie plate 
but that in all cases cover plates of sufficient size with 
a sufficient number of livets must be used, accoiding 
to the strain on the joint, and according to the foimulj 
given above. These cover plates should be arranged so as to break joint 
at the top and bottom of the girder. In the case 
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of a suspension bridge, d 


=/ 


3141fin 


as befoie, 


being in this case the number of sections at which the 
pin must be divided before the joint can fail, i. e., = twice the least num¬ 


ber of links. 

153. Iron piers.- 


-Hitlioito wo have supposed the su- 
perstiucture of our Iron Biidgcs to rest upon Masonry piers, but to com¬ 
plete the subject, something may be said of Iron Piers which lun e been 
much used of late, and which would scorn to be peculiarly adapted in many 
cases to Indian requiiemcnts. 

Iron piers consist of a series of liollow iron piles sunk by diffeient 
methods into tlio bed of the river to bo crossed, on the top of which cross 
girders are fixed to carry the longitudinal girders forming the roadway. 
These piles may be of Cast or "Wrought iron. 

The Cast-iron piles are hollow cylinders, from G to 10 feet in diameter, 
being in fact iron wells, which are sunk either like masomy wells or by 
pneumatic piessure. Those cylinders are made in lengths, having flanges 
at tlieir extremities, by which they arc joined to the next lengths by wrougbt- 
iron bolts. On reaching a firm foundation below they can be filled with 
concrete. Two or three are generally used for a pier; they have been 
employed on the Eastern Bengal Railway, and are about to be used on the 
Umritsur and Dehli Line, for crossing the large rivers, tlio supeistrnc- 
ture, consisting of plate girders of 100 feet span. 

Wrought-iron screw piles are of smaller diameter, about 21 foot, made 
also in lengths, and having a cast-iron screw at the end by which they are 
worked into the bed from a stage above. If the pier is of any height, three 
of these piles may be fixed vertically, and two others on the outside oblique¬ 
ly, to act as stays; the whole being firmly braced together at intervals bv 
iron ties. They have been largely used on the Bombay and Baroda line, 
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where they support girders on Wavien’s principal. The cost of these 
bridges, complete, for a double lino of rails appears to have varied from £20 
to £40 per lineal foot oil an average, actually erected; the spans being 
60 feet and the total heights of piers ranging from 30 to 90 feet. 



SECTION Till.-HOADS. 

CHAPTER XXXIV. 

TEMPORARY ROADS. 

154 . Roads differ much in tkcir nature according to the purposes to 
which they aie applied and the amount of labor that has been expended 
upon them. 

The first idea of a road, is a path or track on which a foot passenger 
can travel. In the American forests the trees are blazed or marked to 
show the direction. On the praiiies men travel by compass or by the 
stars; or by watching their own shadows, or noting the direction of the 
wind. Successive travellers following the same route, will tread down a 
forest path, which is the first step towards road-making. On such a 
road, rivers will be crossed by swimming or wading, or by rafts; or felled 
trees might be used on very narrow streams ; while ranges of lulls would 
be passed by following the beds of mountain torrents. 

As intercourse increases, various animals are used as beasts of burden. 
Pack horses were employed in England down to a very late peiiod; 
camels, horses, mules, asses and bullocks, are used all over the East, while 
even sheep bring tea and take salt over the Thibet passes. And the em¬ 
ployment of any of these animals necessitates tlic improvement of the 
roads ; the foot-patlis are widened, the jungle is cleared, rude bridges of 
logs are formed or rafts made of wood, of empty vessels, or of inflated 
skins. 

But as animal power is always more economically employed in draught 
than in carriage, carts are soon built for conveying goods and passengers. 
Hence attention is requisite to Gradients ; the road must be raised clear of 
inundation from rain or river, so that the water may run of easily; perma- 
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nent bridges are provided over the water-courses, and finally tho surface is 
metalled to diminish friction and the loss of power of animals, and wear 
and tear of vehicles. These improvements would however be preceded by 
new straight lines being' marked out to save labor, distanco and cost, both 
of construction and subsequent repair. 

155, It would be out of place here to dilate on the importance of roads. 
Suffice it to say, that that importance is now so well recognised in India, that 
numerous lines are under construction in various parts of tho country, and 
are only the prelude to very many others. All of these are not of equal 
importance and we may begin with what are called Fairweather Hoads, 
which as their name denotes, arc temporary expedients, and often the use¬ 
ful and economical precursors of a system of permanent roads in a now 
produce; the latter requiring much time, labor, and skill to bo bestowed 
on them, while the former can often ho opened out at a very cheap rate. 
But this should always bo done with an eye to future improvement, so 
that labor may not he thrown away, and that progress however slow may 
be in the right direction. 

Supposing such a road to require making from one town or settlement to 
another in a wild unmappod country, if a travorso were run by compass 
and chain between tho two places, and plotted on paper, the magnetic 
bearing of the one place from the other would bo ascertained and a straight 
line could be run between tho two by means of the compass. If two flags 
are set up in the proper direction at some distance apart, then, by means 
of a third flog brought into line with tho two former, a straight lino could 
be run for many miles with a very slight deviation from accuracy. Where 
a compass is not available, a fire lighted at ono place may by its smoke 
enable its direction to bo seen from the other. 

This lino so run, and marked by a trench cut in tho ground will often 
be a practicable line for the road in a new country; if not, it will, nt any 
rate, be a valuable guiding line towards which all deviations caused by 
various obstacles should return; the line so marked out will be cloared of 
jungle for a width of 10, 20, or 80 foot; a ditch cut on either side to serve 
as a drain, and the earth excavated thrown in the centre of the road to 
assist the rain water to run into tho ditches. Inequalities of surface can 
then be levelled as far as possible. Small streams may be crossed by 
temporary bridges, if wood is available, if not, their banks must bo dut 
down, if necessary, to a gentle slope, so as to enable carts to pass when the 
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stream is dry or nearly so, and such slopes as well as the bottom of the 
stream may be payed if mateiial is available. 

Of course it is useless metalling sucli a road until it is raised clear of 
inundation; but after the rainy season, repairs may be made as far as p os _ 
sible, and, in a dry country like Upper India, such a road would be open 
for wheeled traffic for nine months out of the twelve. There are many 
such lines in India, and bad. as they arc, they arc a great improvement on 
the old native tracks, which were narrow, crooked, and scarcely ever re¬ 
paired. 

The cost of such a road will vary from 100 to 500 rupees a mile, 
according to the scarcity of labor, the difficulty of the ground, or the 
extent to which the road track is improved. 

There are several temporary expedients which may be used as a sub¬ 
stitute for metalling; thus, stable litter, when available, or even grass 
strewed on the sandy or dusty surface, will greatly improve it. A road 
passing through the deep sandy bed of a river may be much improved by 
cutting down through the loose sand to the moist and firmer stiatnm; on 
this should be laid a flooring of fascines, G inches in diameter, made of 
jhoiv, or of the strong grass which generally grows upon the banks of 
rivers in this country, and over all, from 1 foot to l foot G inches of 
earth well beaten down; such a road would hardly last more than one 
season, but it would not cost much, and its advantago would be very great 
in saving draught cattle, the toil of straggling through heavy sand, often 
worse than an additional day’s journey. This plan lias been pursued with 
great success at several of the large rivers, such as tho Sutlej. It is also 
applicable to the crossing of a swamp or bog, of which moie will be said 
further on. 

150. The following is a detail of a temporary road of this land made 
over the dry bed of the Clienab River in the Punjab. 

The total length for tho roadway across the Clienab measures 10,COO running feet, 
of which 1,850 feet consist of a mctnllec! road laid down last year, and now in good 
older ; 3,500 feet resting on firm soil, extending fiom the road embankment to with¬ 
in 1,000 feet of south side of river, and the remaining 5,800 running feet eiiend 
across entire sand. 

Specification .—The roadway to consist of ono layer of grass fascines, each fascine 
to be 24 feet long, 0 inches in diameter, and tightly bound with grass, to be packed 
closely together and covered with 0 inches of clay. On tho surface of the clay and 
to prevent its cutting into grooves a very thin layer of loose grass will be constantly 
maintained. An inch of clay will be first laid down on the sand, all hollows to be 
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jlled in and low points to ho somewhat raised, that the foundation may not snitcr 
from the lodgment of water. 

In otlwi places the finished road to ho 1 or 2 inches above the snnd 
The total cost was 11s. 1,001 ; bcinc; Its. ]-i per 100 supciheial feet, or Its. 33 per 
100 lineal feet of roadway. The woik lias nnswcicd well, effecting a considerable 
swing in the tractive foieo required tlnongli the heavy sand. Though such a load 
will only lust one season, its utility and economy will always justify such n constino¬ 
tion being employed in all lines of hem y irnflic. Whoicver tlio fascines can he 
pegged down, the improvement will bo great. 

157. Whatever improvements are made in sncli roads should be directed 
towards the most formidable obstacles at first; this is, indeed, self-evident, 
(the strength of a road, as of a beam being only that of its weakest part,) 
hat it is not always easy to determine wliat arc the most formidable obsta¬ 
cles, nor whether it will be more economical to lay out a given sum in 
raising a portion of embankment, cutting clown a hill, improving the sur¬ 
face, or building a bridge. Much of course will depend on the peculiar 
circumstances of each case, and some of the considerations by which the 
judgment should be guided will be treated of further on. 

A common mistake in India is to make kuclia roads too wide. If the 
traffic is only sufficient to demand a kuclia road, it will bo better to make 
that only 20 feet wide, and to keep it in thorough repair, than to have a 
width of 40 feet cut up by wheel ruts, or half covered with grass. 

Again, it is not uncommon to find a kuclia road good in other inspects 
with a short length of it perhaps almost impassable, either from having to go 
through sandy or swampy soil, or over a steep hill at that part. In such 
a case it is evident that much money may bo justifiably expended in bring¬ 
ing the short difficult portion up to the same standard as the rest. 



CHAPTER XXXV. 

GRADIENTS AND CROSS SECTION. 

158. We come now to the question of Permanent Poads, which we 
shall consider under the following heads. 1st, Direction ; 2nd, Gradients; 
Srd, Cross Section; 4th, Metalling; 5tli, Survey, Design and Estimate; 
6th, Construction; 7th, Maintenance and Repairs. 

Direction .—Other things being equal, a road should be straight, as 
being the shortest distance between the two points to be connected, Any 
unnecessary excess of length involving a constant thrcc-fold waste; 1st, of 
the interest of the capital expended in malting the unnecessary portion; 
2nd, of the expense of repairing it; 3rd, of the time and labor employed ia 
travelling on it. On the other hand as the great object of a road is to 
accomodate the traffic of the country, so its direction must primarily be 
regulated with a view to such traffic, i. a., it should pass through or close 
to ns many towns and villages, as possible; while the object of the En¬ 
gineer must be to overcome by skilful means the various natural obstacles 
interposed along its course. 

But straightness is of less conseqrrence than easy gradients, and must 
always be sacrificed to them, and this is one of the most important princi¬ 
ples to be observed in designing a road. 

A straight road over an uneven and hilly country may, at first view, 
when merely seen upon the map, be pronounced to be a had road: for tire 
straightness must have been obtained either by submitting to steep slopes 
in ascending the Mils and descending into the valleys, or these natural 
obstacles must have been overcome by incurring a great and unnecessary 
expense in making deep cuttings and fillings. 

A good road should wind around these hills instead of running over 
them, and this it may often do without at all increasing its length. For 
if a hemisphere (srtch as half a bullet) be placed so as to rest upon its plane 
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base the halves of great circles vvliich join two opposite points of this base 
are all equal, whether they pass horizontally or vertically ; or lot an egg bo 
laid upon a table, and it will be seen lhai if a level line be traced upon it 
from one end to the other, it will bo no longer than the line traced between 
the same points, but passing over the top. Precisely so may the curving 
road mound a hill be often no longer than the straight ono over it. 

But even if the level and curved road were very much longer than the 
straight and sleep ono, it would almost always be better to adopt the 
former; for on it a horse could safely and rapidly draw his Ml load, while 
on the other he could cany only part of his load up the hill, and must 
diminish his speed in descending it. As a general rule, the horizontal 
length of a road may bo advantageously increased, to avoid an ascent, by 
at least twenty times the pcipondieular height, which is to bo thus saved; 
that is, to escape a hill a hundred feet high, it would bo proper for the 
road to make such a ciicuit as would increase its length two thousand 
feet. 

Deviations from the direct lino should also bo make in order to carry the 
load over high well-drained ground, whore few embankments and bridges 
will be required—or to avoid heavy cuttings—or to have materials for tlio 
road surface close at hand, by which money will bo saved both in first cost 
and periodical repairs. Minor deviations will have to be made in order to 
cross livers at the places best suited for the construction of bridges. 

Too much pains cannot he taken in deciding on tlio lino of a road. 
Should the line be ill chosen, groat oxpenso may be incurred in constructing 
the road, and keeping it in repair; and it may eventually ho found more 
economical to lay out a new line altogether, although it will involve the 
abandonment of the work already dono on the old lino. On the other 
hand, if the road has been skilfully kid out, although it may not bo expe¬ 
dient at the time to go to any groat expense in bridging the streams and 
improving the surface; still, whatever is done will be a stop in the right 
direction, and nothing will afterwards have to bo undone. 

159. The following Memoranda, by an experienced Road Engineer-, on 
this important subject will be found valuable. 

The nrcrago section of our Imperial roads in Upper India may be taken at ue fol¬ 
lows 

Breadth of top of embankment, 40 feet. 

Height of embankment, 4 feet. 
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Slopes, 5 horizontal to 1 peipendiculur. 

Breadth of arches of bridges, 30 feet. 

Breadth of metal, IS feet by 9 inches thick. 

Bate of earthwork, Rs. 2-8 per 1,000 cubic feet. 

Hate of consolidated metal, per inch per mile, Rs. 750. 

Cost of maintenance, per mile yearly, Rs. 750. 

Cost of drain bridges, per running foot of water-way, from 75 to 100 Rs, up to 15 
feet span. 

Cost of large bridges, from 300 to 400 Rs. per foot. 

The rates here given will he found a close approximation to the actual cost, only 
that for earthwork is rather over than under wlint the probable expenditure may he, 

Shorn the above data we obtain the following comparative cost of embankments 
bridges and metal. 

Cost of one mile of embankment (40 + 20) X 4 = 240, @ Rs. 2-8 per 1,000 = 
O'OO or Rs. 0-0-7 per foot. 

One mile cost 62S0 x 0'G0 = Rs, 3,108. 

The cost of drain bridges is ^ ^ ~ = Rs. 87 - 8 per foot. 

Therefore, the cost of one mile of embankment efpials only 3(1 feet of water-wayfot 
drain bridges, while only 10 running feet of water-way of such bridges ns that over 
the Maikanda equal the cost of one mile of embankment. 

One mile of metal costs 750 x 0 = Its- 0750, or more than double the embankment; 
and taking the maintenance of road, at Rs. 700 a year for metal, and Rs, 50 for earth¬ 
work, at 20 yeais’ purebnso, wo have for metal 700 x 20 = Rs. 14,000 n mile; there¬ 
fore the cost of metal is Rs. 20,750 a mile, or more than six times the cost of the em¬ 
bankment. 

Tram the above, therefore, it is evident—That, that all cross drainage should be 
avoided where practicable, and that the height of embankments should not be so mvei 
taken into consideration as the length of road, so ns to save metal. 

Secondly, ns the cost of metal is such an important item, and as this so much 
depends on the distance from the quarries in selecting a new lino, the proximity to 
kunhur beds should form a very great reason for adopting one line in preference to 
another. 

Supposing the wear and tear of metal to he 7,500 cubic feet a year per mile, imd 
that 8 annas is saved for each mile the road is nearer the quarries, the actual saving 
would he 7,500, @ Rs. 0-S = Rs. 37-8 a mile, which at 20 years’ purchase equals Ks, 
730. Thus, if 4 inilea could be saved in carriage, it would equal the first cost of the 
embankment nearly ; or the road may ba lengthened one-sixth between two poinb 
without adding to its cost ; that is lG'GG per cent, longer, which would admit of a 
diversion of about one-third of the total distance out of the straight line. 

Lastly, where nothing is to be gained by deviating from the straight line, either in 
avoiding drainage or being nearer kuukur beds, the embankment may he laiscd as 
follows, without adding to the cost of the road, with the following rates for earth¬ 
work 

Height of embankment up to 5 foet, Rs. 2-8 per 1000, 

ii „ above 5 and up to 10, Rs, S per 1000, 

n it 10 and up to 15, Rs. 3-fi per 1000, 
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That is, if the road can be shortened ^ to r ’ z of its length, ndd 0110 foot to licig-Iit 
on nn average tluougliont tlio whole length of embankment; from T 'j- to add In¬ 
fect i from £ to }, add 2 Fool; Cor ^ and add II feet; if Jj- is gained, add 4u feet ; 
where i add 0 feet ; and where the distance is halved, add no less than !) Feet to the 
height of embankment. Thai, is, .supposing a valley In intemme, which is ono milo 
broad and inquires an embankment averaging 111 feet high to ctoss ii, 1ml by going a 
circuituus road which would avoid this bad ground, but add one mile to the length of 
the rond (all other circumstances remaining the smnn along the line), it is ns cheap to 
make the 13 feet embankment ns to go the inoic chcuUonw route, while travellers mo 
saved one mile. In other words, it is very seldom a road should be made to deviate 
from the stiaight line, on account of earthwoik only, except in a hilly country where 
steep giadicnts would iutorfoic. 

Comiclci.iblo deviations can however he made from the straight lino without adding 
orach to the actual length of rond, as will be seen by the following Let A and B 
he (say) 10 miles apari, and half way, at the point C, layoff the perpendicular lino 
CD. Suppose CD is one-tenth of All, the line 

ADD will only exceed AB 2 per cent. The Hu- „ __ - fl _ c ag n 

gineer, therefore, at half tlio distance between the 
two points to bo connoelod, lias a breadth of 8 
miles to select from, without adding more than 2 
per cent, to the whole length of road. If -J-, or 
16'C6 per cent, be ndded, (tlio limits where the cost of embankment and maintenance 
of metal equal each other,) the divergence may bo upwards of ill miles on either side. 
Such a deviation from the straiglil line is much too great ; ho, in practice, if cross 
drainage can bo saved to tlio extent of saving only Id square miles in a distance of 40 
miles, it comes to tlio same tiling as to cost, as adding 2 per cent, to the length. 
ThiiSjEs. 3,1G8, cost of ono mile. 

(2 per cent, on 4(1 miles =, ()•») x 7 (co st of earthwork and metal) _ gQg.^ ^ 
87'j (cost of one foot of water-way) 

by page 135, of Vol. II. of Professional Papers, Colonel Dickons allows 42 feet of 
wator-way for !1 sipmro miles ; hut, by adding 2 per cent. 

-—^ , to the length, wc do not merely gain 14* square miles, 

/ & 40 X 4 

___\ <■' but —^— — 80 square miles, where the roacl runs at 

ii 

v right angles to the drainago. Therefore, there can be 

no doubt that where wo have a roml (say) crossing from 

tlio Ganges to the Jumna (all other points being the 

same), that instead of it being a direct line right across, 

it should curve considerably upward, thus— 

„ 202-7 x 8 ,, 

*-—— = 14 square rnilop. 
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The extent of deviation in a distance of 40 miles, and the per centage added toftj 
length of road is here given :— 


1 

Mile 1 ?. 

in 

40 

Per centage. 

= 0-15 

11 

Miles, 

in 

40 

Per ccntage. 

= mi 

2 


40 


0-30 

12 


40 

= 

14-28 

3 

a 

40 

= 

1-24 

13 

it 

40 


16-18 

4 

>t 

40 


2-00 

11 

a 

40 

= 

18-10 

5 

it 

40 


3-00 

15 

it 

40 


20 00 

6 

it 

40 

= 

4-27 

1C 

a 

40 


22-12 

7 

St 

40 


5-62 

17 

it 

40 

= 

24-18 

8 

i i 

40 

= 

7-11 

18 

it 

40 

= 

25 00 

9 

a 

40 


8-80 

19 

tt 

40 


27 til 

10 

it 

40 

= 

n-oo 

20 

a 

40 

= 

20-33 


From which it appears, that so long as the deviation is kept within moderate fe. 
tances, the additional length is little ; for even up to one-fourth of deviation of the 
total distance, only 11 per cent, is added ; but where this is exceeded, the per centage 
increases Inst. 

Suppose the hearing lietwcon the two points to he connected is !)0°, or duo cast and 
west i so long ns the hearing of no puis of the lino docs not exceed 100° or less than 
30° for all practical purposes the road \\ ill lie neatly ns short ns tile direct line, while 
it gives the Engineer considerable scope for selecting his line. In doing which, lu 
should consider, first, the Drainage-, secondly, the supply of Metal; and lastly, the 
Earthwork, which, though at fust sight it appears the greatest, is in reality insigni¬ 
ficant in comparison to the oilier two items. 

A straight lino is undoubtedly the shortest distance between two points, hut nothing 
is more monotonous tlinu to have to march along a straight road. In fact, one should 
never he able to see more then three miles along any road ; and this can he easily 
accomplished by passing round a village or a clump of trees. Curves, however, ate 
unsightly in an open plain, unless there lie some natural feature in the country neces¬ 
sitating a curve, sncli as to cross a stream at rig-lit angles, or to avoid low, miushr 
ground, or some high mound. In the latter case the mound enn he taken advantage 
of in hiding the road. 'Where, however all is one extensive plain as one often meets 
with in India, to put a cm ve in a road and not to hide it, appears as if a mistake hail 
been made in lining it out, which is worse than n continuous long lino. 

Curves may however ho given at every three miles, so that no portion of the road 
can be seen for a greater distance, and the road greatly improved, not only in appear- 


* 70 MIL r ■? 0 



°OLIC fc. C I lOUVKlL- 
#jfc 


anee, lmt also in comfort to travellers. Suppose the distance between the two points 
it is necessary to connect is 30 miles apart, and that the country is one open unifov m 






QllADIENTS AND CItOSS SECTION. 


169 


, - a shortest line would no doubt be ono uniform Fitrnigbt, bnt it would bo too 
teilions end would involvo long marches of 15 miles each, with nothing to break the 
monotony of the march. By introducing Ogee or S curves at every three miles, and 
planting two clumps of trees near them on either side of the road, with a well in the 
centre of one of them, the loiul could ouly bo seen along throo miles of its length. 
and nemied travellers would liavo comfortable shade with water to drink. A Police 
Chowkie could he placed in the other clump, so as to afford protection to property. 

Supposing BE to ho equal Lo 1000 feel, and CD equal 50 feet, then .yiOOO 8 + 50 2 
= 101)1'21 feet; or nine of these curves may ho introduced and only add to tllO 
length of the road in a distance of 30 miles, some four yards. 

ICO. Gradients .—Every road should bo theoretically jper/bet/y level. If 
it bo not, a large portion of tlio strength of the horses which travel it will 
be expended in raising the load up the ascent. When a weight is drawn 
up an inclined plane, tlio resistance of tho force of gravity, or the weight to 
be overcome, is such a part of the wliolo weight as the height of the plane is 
of its length. If then, a road rises one fool in every twenty of its length, 
ahorse drawing up it a load of one ton, is compelled to actually lift up one- 
twentieth of the whole weight, i. e., ono hundred pounds, through tho wholo 
length of the ascent, besides overcoming tho friction of tho ontire load. 

Tho following table is tha result of experiments. 

Calling tho load which a horse can draw on a level TOO, on a rise of— 

1 in 100 a horso can draw only '00 


t » 

50 


ft 

i» 

•81 

1 » 

a 

ft 

1) 

» 

'75 

1 „ 

10 

It 

t> 

ff 

•72 

1 „ 

30 

If 

a 

a 

•04 

1 » 

20 

o 

i) 

)y 

•54 

1 „ 

21 

I) 

»> 

a 

•50 

1 » 

20 

ff 

fi 

ff 

•10 

1 „ 

10 

if 

ft 

ft 

•25 


In round numbers, upon a slope of 1 in id, or 120 feel to the mile, a 
horse can draw only three-quarters as much as ho can upon, a level; on a 
slope of 1 hr 24, or 220 feet to tho mile, he can draw only half as much; 
and on a slope of 1 in 10, or 528 feet to the mile, only ono- quarter as 
much. 

This ratio will, liowevor, vary greatly with the nature and condition of 
the road; for, although tho actual resistance of gravity is always absolutely 
the same upon tha same inclination, whether tho road be rough or smooth, 
yet it is relatively less upon a rough road, and docs not form bo largo a 
proportional part of tho whole resistance. 

VOL. II. a 
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Thus, if the friction upon a road were such as to require, upon a level * 
a force of draught equal to one-fortieth of the load, the total force lequiiej 
upon an ascent of 1 in 20, would be fa + fa = -fa. Here, then, the 
resistance of gravity is two-tliirds of the whole. 

If the road bo less perfect in its surface, so that its friction — j t] 10 
total foice upon the ascent will be fa -f- fa — fa ; and here, then, the 
resistance of gravity is one-half of the whole. 

If the friction increase to fa, the whole resistance is fa fa = fa . ail( [ 
here, gravity is only one-third of the whole. 

We thus see that oil a rough road, with great friction, any inclination 
forms a much smaller part of the resistance than does the same inclination 
on a smooth road, on which it is much more severely felt, and proportion¬ 
ally more injurious; hence we deduce that steeper gradients are allowably 
on kuclia than on pucka roads. 

The loss of power on inclinations, is indeed even greater than these 
considerations show ; for beside the increase of draught caused by gravity, 
the power of the hoi'se to overcome it is much diminished upon an ascent, 
and in even a greater ratio than that of man; owing to its anatomical 
formation and its great weight. Though a horse, on a level, is as strong 
as five men, yet on a steep hill it is less strong than three; for three men 
carrying each 100 lbs., will ascend faster than a horse with S00 His. 

161 , Inclinations being always thus injurious, are particularly so where 
a Bingle steep slope occurs on a long line of road, which is comparatively 
level. It is, in that case especially important to avoid or to lessen this 
slope, since the load carried over the whole road, even the level portions of 
it, must be reduced to wbat can be carried up the ascent. Thus, if a long 
slope of 1 in 24 occurs on a level road, as a horse can draw up it only 
one-half of his full load, he can carry over the level parts of the road, only 
half as much as he could and should draw thereon. 

This evil is sometimes partially remedied by putting on a full load 
and adding extra horses at the foot of the sleep slope. Oxen are thus 
employed to assist carriages up steep hills, in many countries. But 
this is an inconvenient, as well as an expensive system, and the truest 
economy is, to cut down, or to go around such acclivities, whenever this is 
possible. 


14 See pngu 174. 
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103 , Tho loss of power on inclinations being so groat, as has boon 
shown it follows that it is very important never to allow a road to ascend 
or descend a single foot more than is absolutely unavoidable. If a bill is 
to be ascended, the road up it should nowhere have even tho smallest fall 
or descent, for flint would make two bills instead of one; but it should bo 
so located and have such cuttings and fillings, as will secure a gradual nnd 
uninterrupted ascent the whole way. 

In this point Engineering skill can make wonderful improvements. 
Tims, an old road in Anglesca, laid out in violation of this rule, rose and 
fell between its extremities, 24 miles apart, a total perpendicular amount 
of 3,510 feet: wliilo a new road laid out by Telford between the samo 
points, rose and fell only 2,257 feet; so tho 1,283 feet of perpendicular 
height is now done away with, which every horse passing over tho road lind 
previously been obliged to ascend and descend with its load. The new 
load is, besides, more than two miles shorter. 

103. The importance of the question of gradients being thus established, 
it may be sufficient to say that tho result of a largo number of cases, seems 
to show that a gradient of 1 in 30 is tho maximum slope that is dosirablc 
on any metalled road. 

When inclinations are reduced to this limit, thcro is little loss of power, 
complied with a perfect level in cither direction of travel; for the increas¬ 
ed labor of ascending is compensated in a great degree by tho increased 
ease of descending, while on a steeper slopo this advantage is nullified by 
the necessity of the animals holding back tlio vcliielo to resist tho excess of 
the force of gravity. 

Any steeper slope than tho above, therefore, entails a wasto of animal 
power in ascending, and a certain amount of danger in descending, nnd should 
only be justified on very strong grounds. Of course there are many cases 
iu which such grounds arise, principally in connexion with tho question of 
expense; as for example in Hill Roads. But all such cases should lie 
regarded by the Engineer as exceptional. And if on otherwise level lines 
it may bo necessary to have steep gradients here and there, ho will make 
them as short as possible. 

On a Kucha Road, for the reason statod above, steeper slopes may 
allowed, oven to 1 in 20 . 

1C1, It is not desirable in practice that any road should bo on a dead 
level, as its surfaco could not be kept freo from water without giving it so 
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great a rise in its middle as would exposo vehicles to the danger of over- 
turning. But when a road has a proper slope in the direction of its length 
not only do the side-ditches readily discharge the water which falls into 
them, hut every wheel-track that is made becomes also a channel to cany 
off the water. This minimum slope, below which it is not desirable that 
a road should be levelled, may be fixed at 1 in 125, and in a perfectly level 
country the road should bo artificially formed into gentle undulations ap¬ 
proximating to the minimum limit. 

The following tables of corresponding angles and inclinations will bo 
found useful. 


Anglos. 

Inclinations. 

Feet por 
mile. 

■ 

Inclinations. 

Anglos. 

Feet per 
mile. 


1 iji 

no 

4G 

m 

1 in 

10 

r,° 43' 

mm 

5P 

1 in 

7G 

GO 

■ 

1 in 

13 

4° 21' 

40G 

i ° 

1 in 

57 

1)2 
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15 

3° 49' 

352 

ij° 

1 in 

33 

133 


1 in 

20 

2° 52' 

204 

2o 

1 in 

20 

13i 


1 in 

25 

2° 18' 


0\0 

i in 

23 

231 

■ ■ 

1 in 

SO 

1° 55' 

170 

3 0 

1 in 

19 

277 

H 

1 in 

35 

1° 38' 

151 

4 ° 

1 in 

14 

8(19 


1 in 

40 

1° 20' 

132 

0 

1 iu 

11 

402 

■ 

1 in 

4*> 

1° 16' 

117 





■ 

1 in 

50 

1° 9' 

100 





■ 

1 in 

100 

0° 35' 

53 





H 

1 in 12 5 

0° 28' 

42 


105. Cross Section .—Tho proper width must depend on the amount 
of traffic; the least width being 1G feet, to enable two vehicles to pass 
with ease; hut in practice, roads are rarely made of a less width than 20 
feet. lu this country it is customary and advantageous to have a central 
width metalled (usually 1G feet) and two side widths'* of 12 feet, which 
are left kuclia for hackeries and horsemen. This makes a total width of 10 
foot for the surface, which is sufficient for any first class road. Beyond 
the slope of the cutting or embankment on each sido, a space of some 50 
feet in breadth is usually taken, on which material can be stacked for the 
repairs of the road, and beyond this space again are tho ditches which serve 
as a boundary and for drainage. 

On inferior roads, however, or where land is valuable, the breadth of the 
kucha portion on each sido of the metalling may bo reduced to 7 feet, and 

* ^ 1CCJQ sirlo widths should lie kept clear of all material—ns cart-men, especially ou long jour¬ 
neys, prefer them to the meLullod part, being much easier for tho feet of tho cattle* The metal may 
be 90 feet wide where the tinfflo is very gicafc. 
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the extra spaco beyond tlio side slopes may be dispensed with altogether. 
Iho ditches on each side should bo triangular in section, or nearly so, and 
nW _ p e 3 to 5 feet -wide at top, and 1 to 3 feet deep, according to the 
amount of drainage water they aro likely to receive. Cross drains should 
be made from them, wherever feasible, loading to the natural water-courses 
of the country, and they should be periodically cleared out to let the water 
run freely. The slope of their bottom should not be more than to 3 
feet per mile, otherwise they are apt to be cut up by tho water and to 
become worse than useless. Ou this account, indeed, many engineers ob¬ 
ject to side ditches at all, lint there seems no reason for this if they aro 
properly mado and cared for. 

100, Trees whether in rows or lopes should be outside the ditches, and 
always planted well back from tho road, otherwise the droppings from the 
leaves will injure the surface,*- and their shade will keep it from drying 
properly. On this account, as well as from the difficulty of properly at¬ 
tending to long lines of tvoos, it is better to plant them generally in topes 
or clumps, here and there, which are also perhaps more useful to travellers 
encamping, wliilo avenues may be reserved for the neighbourhood of stations 
or towns whore they can bo better attended to. In all eases thoy must bo 
defended by a circular wall of mud or (what is bettor) of wicker work, for 
the first throe years of tlieir growth. Tho Mango, Sissoo, Siris, Pcepul, 
Banian, Tamarind, Him, and other varieties, may bo enumerated as proper 
for roadside trees iu Upper India. 

107, The Side Slopes of cuttings and embankments vary with the na¬ 
ture of the soil, hut tho mado earth of the latter requires a more gonllo 
slope than the former. Hock cuttings may bo left vortical; stiff clay will 
stand at 1 to 1 or 45°. Wherever turiing is practicable at a moderate 
cost it should bo carried out, especially for embankments, which otherwise 
trill require a slope of 2 or 3 to 1; cuttings will in general adjust their own 
slopes and should bo allowed to do so where lliero is room, before the road 
is open for traffic. 

Tho formation and calculation of embankments and cuttings will bo 
described hereafter. If their height or depth is great, it may bo necessary 
to reduce tho breadth of road surface below what has been given above, in 
order to save expense, and as the metalled portion should not bo less than 

* Tula applies more especially to Macadamized rouds. In Icunlciir roads it secina doubtful whether 
the trees do not do moro good than hnrin, in sucli a climate as that of Upper India, by protecting tku 
turf ace from the cxticmo dry beat. 
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16 feet, the surface width may vary between that and 40 feet according to 
the cost. 

The shape of the road bed should be two inclined planes meeting at the 
centre and rounded off, the fall from the centre towards the sides should 
not exceed i an inch to a foot, or 1 in 24. 

In a road round a hill, the cross section should be a single slope inclining 
inwards with a ditch on the inside, this is to prevent the road being washed 
away at its edge (which often has to bo built up) and to avoid the danger 
especially in turning a corner, of the passengers falling over the Idiud. 
The drainage water, flowing from the hill above, is also intercepted by the 
ditch on the inside, which has cross drains at intervals leading under the 
roadway to the face of the cliff. 

1C8. Metalling .—The primary object of hardening the road surface, is 
to diminish friction. The power of draught necessary to overcome the fric¬ 
tion of tho wheels of a vehicle under certain circumstances, is called the 
force of traction, and its amount in fractional parts of the weight moved 
has been determined by experiment for different road surfaces, and varies 
from -V on a kuclia road to -fa on a good macadamized road. And it may 
be concluded that taking tho greatest load that can bo drawn by an animal 
on a level kuclia road as the standard, the same animal would draw on n 
good macadamized road three, times as much ; on a kunkur road in perfect 
repair, four times; on a Railway, eighteen times. 

Besides diminishing the labor of draught and saving tho wear and tear 
of vehicles, the metalling should also act as a water-tight covering to the 
road itself, and thus preservo it from injury by rain. Perfect metalling 
should combine the advantages of being smooth, hard, tough and binding, 
and should be laid on au unyielding surface. The last condition will in 
general, be fulfilled by laying the material in sufficient thickness on firm 
earth that is properly drained, and has had time to consolidate. The other 
three conditions are more or less mot by the various substances used as 
metalling—such as stone, kunkur, and bricks, besides wood, asphaltc, and 
one or two others which are not employed in India. In general the 
proximity of the material practically determines the particular kind that 
shall be adopted. 

Stone.—The hardest kinds are the best, such as granite, trap, and the 
hard limestones and sandstones. Stone may bo used cither in large blocks 
or in small pieces rammed together; the former is moro suitable for a town; 
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the latter known as macadamizing, is suitable for all first class roads, and 
will stand heavy traffic well when properly laid down. 

Laterite, which is a species of indurated clay or soft rock, is usod very 
much on the Madras roads, but will not stand much traffic, being too soft. 

Gravel is also used in Madras, and makes a tolerable metalling for a 
second or third class road ; it is in general not procurable in Upper India ; 
if mixed with chalk or lime into concrete its quality as a road material 
is very much improved. 

Kunhir, which is the material chiefly used in Ilindoostan, is a peculiar 
formation of oolitic limestone—found generally in nodules, sometimes in 
masses a little below the earth’s surface; it makes an excellent road, but 
requires constant repair if the traffic is at all heavy. The best is found in 
the neighbourhood of Allyghur, where it is dug out in large blocks and 
even used as building stone. The breaking of this block kiuikur entails a 
good deal of expense, and if not broken at once when quarried, it becomes 
very tough and difficult to break afterwards. 

ltoads metalled with this kind of kuuknr arc very apt to be lumpy 
unless great caro bo taken to lmvo tho metal properly brokon. It wears 
exceedingly well, however, when properly sized and laid. 

Brick makes a tolerable metalling when no other is available, but only 
the very hardest kinds should be used. 

In the Bombay Presidency, the chief material used in Poad making is 
Moornm; as it is generally obtained close at hand at small cost, and affords 
the best sort of materials with which to commence a now road. 

Pie term mooruin, is applied to almost all descriptions of sub-soils 
which are suited for the surface of a road, by being at all hardor than tho 
common earth, and the surface of a moorumed road may contain in it 
different portions of sand, laterite, broken bricks, kunlcur, yellow earth, or 
any hard strata, which may be met with below the surface. 

Tlie real moornm is probably rock in course of disintegration. It is met 
with at a depth of 2 or 3 feet in regular strata, and is nearly homogene¬ 
ous in the same locality. It varies, however, in different localities, at 
almost every mile, both with respect to its hardness and durability, as 
well as the size of the pieces into which it breaks. It is got with the 
pickaxe, and the very hardest moornm therefore that can be obtained must 
fall considerably short of metal. The usual form in which this material 
breaks is into flakes or clinkers, with sharp well defined edges; this sort 
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is a favorable description for binding under pressure and moisture. There 
is another very good description of moorum which comes out in small 
blocks or nodules, nearly the size of a man’s fist; this kind is very difficult 
to bind, but when once well consolidated, it makes a strong and good road¬ 
way. A third description of moorum, differing from either of the above 
is of a gravelly nature, It breaks up into small pieces, and forms a very 
smooth pleasant road in the fair season, well adapted for carrying light 
traffic, and doos for cantonment roads. It is, however, not sufficiently 
strong to stand heavy traffic well, and in the rains it is not much better 
than an earthern road. 

The method of applying the above materials will be treated of further on. 

168a, Subjoined are specifications for the new roads now constructing 
in the Province of Rajpootana, drawn up by Major Pollard, Superintending 
Engineer. 

General Description .—Bonds will be divided into four classes. Classes 1 and 2 
will be metalled and bridged up to a certain fixed water-way, and will differ merely 
in width, both being adapted for quick tiaffie in all weathers. 

A 3rd class road will likewise be available for traffic in all weathers; but the 
metalling of the road-surface will bo infeiior, and the larger bridges suited for a 
single lino of traffic only. 

A 4th class road will be unmetnlled and unbridged; in fact, merely a fair-weather 
road on which the ground has been cleared, and the nullahs made passable. It may 
be regarded aH a commencement of a 3rd class road. 

Width of land to he taken up for roads .—The surrender of land for communication 
is always distasteful to the people of a country, but doubly so when tire ground re¬ 
quired is capable of producing valuable crops,—such aB opium, sugnr-cane, tobacco,— 
for which special qualities of soil are required. When such land is of necessity 
absorbed within tho road limits, it is advisable to reduce the width to a minimum, 
without piojudice to the absolute requirements of the highway. This is simply 
managed by diminishing the side gutter, and giving up its exterior slope altogether. 
In the specifications, therefore, two breadths arc shown,—the narrower of which 
should he adopted where the land is of more than ordinary value. 

Specification of a 1st class road (See Figures 1, 2, 3 ). For a 1st class road, in 
oidinary land, the width required is 108 feet, divided as follows :— 


Roadway, .. ,. 

. . 

• • > . 

30 feet. 

Side slopes, 2xf, 

. . 


8 „ 

Bern or cess, 2 x IS, 

t , 

• » 

30 „ 

Side trenches, 2 x 20, 

•• 

.. 

40 „ 



Total, .. 

103 feet. 


This has been calculated from the requirements of a two-foot ombankmeut, with 
side slopes of 2 to 1, If the embankment exceeds two feet, the extra width for the 
base of the slopes must be taken from the cess. 
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In valuable land tlio width may be icduecd to 78 feet as follows : — 


Hondwny, 

. . 

. . 

30 foot. 

Side slopes, 2x1, 

• . 

. . 

8 „ 

Berm or cess, 2 X 15, 

. . 

.. 

30 „ 

Sides trenches, 2x5, 

* * 

Total, 

10 „ 

78 feet. 


The general specification of a 1st class load is:— 

Embankment roadway to bo 30 feet wide, with side slopes of 2 base to 1 height. 

Gradients not to exceed 1 in 25. 

Drains and Culvct ts, up to 10 feet water-way, to he 30 feet between pmapets. 

Bridges and Culverts, above 10 feet water-way, to be 20 feet in the clear between 
parapets. 

Metalling io black soil, or wlicic mooram is procurable, to consist oi a lounrmtion 
of 12 inches of niooinm, 18 feet wide, well consolidated with n top layer of 0 inches of 
broken stone or kunknr. Wlieic moomm is not obtainable, and the soil hnid and 
firm, the metalling will bo 9 inches of lnokcii stone or kunlcur, 12 feet wide. 

The estimate; for a 1st class load should include all bridges up to 150 feet watei- 
vay Beyond this, they should bo taken up us independent walks, nnd foim the 
subject of scpaiate Estimates. 

Specification of a 2nd Class toad (See Figures —For a 2nd class load, 

in ordinary soil, tlio width to bo taken up is 80 feet, divided as follows .— 


Roadway, 

Side slopes, 2x4, 

Cess, 2 x 12, 

Side guttcis, 2 x 12, .. 

.. 

21 feet. 
8 ,, 

24 „ 

21 ,, 


Total, .. 

80 feet. 

In valuable land the detail will he ns follows 
Rondway, .. 

Side slopes, 2 x 4, 

Cess, 2 x 12, 

Side gutters, 2x3, .. .. 


21 feet. 
8 „ 

24 „ 

« » 


Total, 

62 feet. 


The specification of a 2nd class road is .—Roadway to be 24 feet wide, and in 
embankment to have side slopes of 2 base to 1 height. 

Gradients not to exceed 1 in 20. 

Drains and Culvei ts, below 10 feet water-way, to be 20 feet wide between parapets. 

Bridges and Culverts exceeding 10 feel, to be 18 foot between paiapets 

Metalling in black soil to have a mooium foundation 12 inches thick, 15 feet wide, 
and a top layer of broken stone or kunkur 0 feet wide and 6 inches thick. In film 
soil, where broken stone oi kunkur is used, the width will be 9 feet, and thickness 9 
inches The estimates of a 2nd class load should include all bridges up ,to 100 feet 
water-way. 

Specification, of a, 3rd class road—(See Figure* 7, 8, 9 ). The land to token up 
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for 3rd class roads under ordinary circumstances, is 72 feet, reducible in valuable 
land to 54 feet. 

The detail of the various parts arc 


Roadway, 


20 feet. 

Side slopes, 2x4, 

.. 

8 „ 

Cess, 2 x 10, 


20 „ 

Side gutters, 2 x 12, 

.. 

24 „ 


Total, 

72 feet. 


And the decrease, when necessary, can he made by reducing the width of the side 
gutters to 3 feet, as has been shown in the specification of a 2nd class road, 

The general specification ia, rtmiheay to he 20 feet wide, with side slopes of 2 to 1. 

Gradients not to exceed 1 in 20. 

Drains and Culverts , up to 10 feet water-way to ho IS feet between parapets. 

Bridges and Culverts, above 10 feet water-way, to be 14 feet between parapets. 

Metalling , whore moornrn is obtainable, to be of that material exclusively, 14 feet 
wide and 9 inches thick. Where broken stono or kmikur is used, to be 9 feet wide 
and 6 inches thick. 

The estimate for a 3rd class road should embrace nil bridges up to 75 feat water¬ 
way. 

Specification of a 4 tli class mad .—For a 4th class road, land should he taken up 
54 feet wide, and the boundary marked by a small trench. It will not be embank¬ 
ed, but should necessity demand it, it can heroaftor be completed as a 3rd class road, 
of which it ia only the commencement. 

Its specification is :— 

All ground between the boundary trenches to be levelled and cleared : nullahs to 
be riunped, and made passable for wheeled traffic. All hills or ghats to be reduced to 
a gradient not exceeding 1 in 18. 

Probable cost per wile .—The cost of these roads will naturally vary according to 
localities, but it may bo set down roughly as follows ; — 

1st class road, per mile, .. ., Es. 14,000 

2nd class road, ditto, .. .. „ 10,000 . 

3rd class road, ditto, .. .. „ 6,000 

4th olnsa road, ditto, .. .. „ 1,000 

A 1st class road being expensive, is only adapted for an artery, connecting the 
principle Military Depots ; for a main Postal lino ; or tho chief Commercial outlet 
of the country, where the traffic is such ns to warrant the outlay. 

A 2nd class road may be adapted to connect the smaller Military Stations with their 
Eeserves, and with each other. It is also suitable for connecting Commercial Marts 
with tho main line, or the chief outlet for their exports, whether this bo a 1st class 
road or railway; whilst 

A 3rd class road mil he found to suffice for the internal communication of the 
country between tho more populous towns. It will also he found a useful style for 
short railway feeders ; and whore a road is required ns an outlet for on isolated dis¬ 
trict. 

A 4th class road must he looked ou merely as a preparation for a 3rd class line. 
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llalesa trreatly favored by nature, it will be impassible in the rains ; but for eight 
months of the year, it will be found a useful adjunct in many ways, not the least of 
■bich will bo its habituating the people of the country to the necessity of setting 
apart a portion of their land for communications. 


Cojtpaeative Statbmdnt, showing tlw dimensions oj the various classes of 
Beads proposed for JRajpootana and Central India. 
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CHAPTER XXXVI. 

SURVEY, DESIGN AND ESTIMATE. 

169. In laying out a road in an old country which has been long in¬ 
habited, and in which the position of the various towns is already deter¬ 
mined, we are left less at liberty in the choice and selection of the line of 
road, and must be guided in that choice by different considerations, to those 
which would determine tlie route if made through a new country, wheieour 
only object was to establish the easiest and best road between two distant 
stations. In the first case we should take into consideration the position 
of the various towns, t&c., situated near the intended road, and its course 
would be to a certain extent, controlled thereby; while in the second 
case, we should simply examine the physical character of the country, and 
base all our proceedings on the result. Whichever of those two cases how¬ 
ever may have to be dealt with in the ultimate selection and adoption of 
the line of road, between these points which are fixed by other circum¬ 
stances the same careful examination of the physical character of the 
country should be made, and the same principles should control the 
choice. 

The first step to this is tho reconnoissance or survey. From an inspec¬ 
tion of the best maps, the general line of a road may in most cases be 
determined. And on this general line particular points will be found 
through which the road must pass ; these obligatory or guiding points 
would be for instance a low gap, ghat, or pass in a range of hills that has 
to be crossed; a narrow part of a river suitable for a bridge, a favorable 
place for crossing a jheel, &c. Between these points, one or more trial 
lines will be chosen, deviating from the straight where local impediments 
intervene, or according to the judgment of the Engineer, who should 
walk over them backwards and forwards and examine them carefully map 
in hand. 

Where the maps are not in sufficient detail, it would be necessary to select 



SURVEY, DESIGN AND ESTIMATE. 


177 


points to the right and left of tiio imaginary line of road, to connect them 
by a careful theodolite triangulation, and to fill in details by plane tabic and 
compass, so as to have an accurate survey of the belt of country, more or 
less wide, through some part of which the line would evidently have to 
pass Or, a separate survey must be made of each trial line by a Theo¬ 
dolite traverse, the villages and other important points being laid in by 
cross-bearings with the compass. With the several trial lines all plotted 
on paper to the same scale, a good map will be obtained from which the 
exact line of road can then bo selected. 

This will be now carefully traversed and levelled—the levels being taken 
at regular intervals ("from 100 to 500 feet apart according to the nature 
of the ground) and cross levels at all important points, such ns where the 
ground slopes sideways, where a hill or stream or swmnp is passed, whero 
in fact any peculiarity renders a deviation probable or that extra expense 
mil he necessary. The number and nature of his bridges will then be 
decided fiom a clue consideration of points which have already been des¬ 
cribed in the Section on Bridges ; tho nature and description of culverts 
and drains; of metalling; of turfing for side slopes; of tree-planting; 
mile-stones; &c., will all have to be considered and provided for in the 
estimate, which, with the accompanying plans and sections, can now be 
prepared. 

170, Having thus gono over the necessary steps from the survey of tho 
country to the finished estimate, w r e may consider one or two of the steps 
in detail. 

It will of course, often occur that no trial linos arc necessary; tho route 
to be taken by the road being apparent. In few cases will more than two 
be needful; and the final line selected may be one or the other, or a modi¬ 
fication of either, according to circumstances. 

In passing from one guiding point to another, our line of road may run, 
—1st, Across a valley to connect two points in two chains of hills; or 2nd, 
Across a chain of hills to connect two points in two valleys; or 3rd, To 
connect two points in the same chain of hills; or 4th, To connect two 
points in the same valley. 

In the first case it will in general be found less oxpensive to make a 
considerable detour, so as to cross the valley and its drainage water to¬ 
wards the narrow head, instead of running the road straight across with 
heavy embankments and expensive bridges. 

VOL. II, 2 a 
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In the second case, also, the line of road will in general deviate much 
from the stiaight by having to ascend and descend the hills on each side 
of the pass, by such zig-zags as may meet the requirements of the mime 
gradients. 

The third case will comprise roads entirely through hills; and the fourth 
case, those running entirely through plains, being the simplest, and also 
in India, most general cases of all. In the thiid case, so long as the tiro 
points to be connected lie on the same side of the ridge, (which is the 
most common case,) the road would run at the foot of the hills, so as to 
cross all the water-courses where they issued from the hills; to save heavy 
and difficult work; and to accommodate the inhabitants who would be at 
the foot of, lather than on, tho hills. 

lUt Longitudinal sections .-—These will be prepared from the levels 
taken on the final, and if necessary, the trial, lines. For the latter they 
need only be in sufficient detail to enable a fair approximation to be ainved 
at, ns to the comparative cost of the earthwork, and as to the gradients 
that will be required on each. The method of determining these points 
will be the same in both cases, and will ho discussed further on. 

For the final line, the working section should bo made on a horizontal 
scale, of not less than 500 feet to the inch, and a vertical scale of 20 feet 
to the inch. The level of the surface of the giound above the datum, at 
every point where tho levels have been taken, i. e., at every 100 feet, should 
be figured in on tho section; and the depth of cutting or height of embank¬ 
ment, at the same points, should bo given in another column. This is ob¬ 
tained by taking the difference between the levels of the smface of the 
ground and the level of the road. The latter, known as the formation sur¬ 
face, is fixed on the section by a due consideration, 1st, Of the gradients 
necessary; 2nd, Of the importance of keeping the road surface clear of 
inundation; and 3rd, Of reducing the quantity of cutting and filling to a 
minimum. Its determination, therefore, especially if the profile of the 
ground be very irregular, is a matter requiring much care and thought on 
the part of the Engineer. 

The principles for determining the question of gradients have already 
been given. 

In order to keep the road surface above the level of inundation, it will in 
general be sufficient to fix it a little above the level of the highest flood 
marks on the ground: these may generally be determined by careful ohser- 
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ration of the marks on neighbouring trees and houses, aided by enquiry 
from the inhabitants of the distiict. In crossing a large tract of low land, 
howevei, it must always be lcmmnboied that tho load embankment will 
intercept the smfacc drainage; and though duo piovision may bo made for 
passing this drainage through tho road by Biidges and Culverts, (see below,) 
vet in case of heavy lain, the dLainage water will be dammed against tho 
embankment before it can pass through, and lise much higher than it did 
befoie the load was mado. In such a case, a clear height of 3 feet should 
be allowed above the noted flood levels. 

But, in distiicts wlieie tho rein-lall is heavy and llic country subject to 
inundation, it will be liecossaiy to make a calculation of tho maximum 
quantity of water that will havo to be passed tlnough such embankment, 
by estimating the rain-fall over the catchment basm (see para, 85) and for 
which piovision must be made in designing the bridges and culverts. This 
is often a veiy difficult task, arising chiefly from the impossibility of ascer¬ 
taining at all accurately the aiea of the basin, and also from the shifting 
cotnse of most Indian livers, by which the spill waters of ono liver may 
often escape from their own valley and try to pass down the adjoining one. 
Extiaoidinary falls of rain too occasionally produco floods which baffle all 
previous calculations, and bridges aro earned away and embankments heavi¬ 
ly breached in consequence. 

To guard against such accidents it is recommended to make some por¬ 
tions of a long embankment lower than tho rest, so as to piovido a safety 
valve for extraoidinaiy Hoods, and ill vory diy countries where the annual 
lain-fall is scanty and floods uncommon, tho whole roadway may sometimes 
be kept level with tho surfaco of the ground, so that no risk is run or ex¬ 
pense inclined from damming up tho ram water; and tho only inconveni¬ 
ence is peihaps a temporary stoppage of the traffic for a few houis during 
the year. This plan has been pursued on tho Umballnh and Kalka road 
and on the Sindh Railway. 

A u'orling plan should also he constructed on the same horizontal scalo 
as the section, upon which tho position of the vaiious levelling stations 
should be noted, and numbered to correspond with those in the section. 
On this plan, the i oad should bo drawn in of its correct width on its upper 
surface, and another line on each side showing the foot of the side slopes. 

173. The depth or height of cutting or embankment being obtained, as 
above, at each point on the section, and the cross section of tho road being 



180 


SURVEY, DESIGN AND ESTIMATE, 


deteimined by the considerations before noted under that heading, tho 
quantity of earthwoik is ascertained in the manner explained, under the 
Section Eahthts obk. 

Wheie a large number of calculations have to be made, the help 0 f 
Tables saves much time and trouble, and it is often useful to draw out 
and pi spare one’s own Tables for the particular woik under computation 
Thus, in drawing up tho estimate for a road with a unifoim bieadth of 
30 feet, and uniform, side-slopes of 2 to 1, it would save much time to cal¬ 
culate all possible values of the liapezoidal section for cveiy half-foot or 
quarter-foot of height or depth, up to the highest likely to be used. Tho 
proper formulae can then be used with great facility, as shown m tho 
example given further on. 

The contents of each cutting or embankment should be written upon 
the section. The giadients should also be noted on the line representing 
the foimation smface. 

Where land is expensive and it is essential that no more ground should 
he taken up than that occupied by tho breadth of the load, it is important 
that the amounts of excavation and embankment should be made to balance 
each other in the estimate. If the former is in too gieat excess, the extra 
quantity of earth has to be disposed of in spoil-lanls heaped up at the 
sides of the road. If the excavation is deficient, earth has to bo dug from 
the sides ('called side-cuttings) to supply the deficiency. In either case, 
there is waste and expense which should be avoided if possible by laising or 
lowering the gradient lines of road as shown on the longitudinal section. 
This equalization must, however, be within certain limits, for it should 
evidently be abandoned when in order to fetch the earth from excavation to 
embankment, it would bo necessary to go to such a distance, that it would 
he cheaper to buy exlia ground close at hand for the side cuttings (techni¬ 
cally, when tho lead of eaith exceeds a ceitain distance depending on the 
comparative cost of carriage and land). 

If the cuttings and embankments aie to be paid for at the same rates, 
and a cutting and embankment be sufficiently close to each other to admit 
of the earth from the cutting being used for the construction of the em¬ 
bankment, loth would not be paid for. For instance, if the embankment 
received the whole of the earth excavated from the cutting, in addition to 
whatever more might he in the embankment, it would he sufficient to pay 
for the embankment. On the other hand, if the earth from the cutting be 
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greater than the embankment can receive, the surplus being deposited in a 
a spoil bank, or otherwise; it will be sufficient to pay for the cutting 

only 

If the cuttings and embankments aio to be paid for at different lates, they 
must, of couise, be taken out under sepaiato headings in the estimate. In 
this case, if the rate foi tlie embankment be higher than that for the cut¬ 
ting, and an embankment leceive the whole of the eaith fiom an adjacent 
poition of cutting; it will bo sufficient to pay for the embankment. 

But if the eaitli fiom tho cutting be gieulei than the embankment can 
reecne, the surplus being deposited in a spoil bank; then in tins case the 
woik to be paid for will bo the whole of the embankment at tho embank¬ 
ment late, and only tho poll ion deposited in tho spoil bank, at the into for 
cutting That is, the excess of tho cutting over tho embankment will be 
paid foi as cutting, 

Should the late lot cutting bo tho higher, a similar but inverse arrange¬ 
ment would bo followed. 

hi either case, tho piopui quantities to be paid foi at each rato should bo 
shown in the estimate. 

In calculating the quantities of eaithwoilc in excavation aiul embank¬ 
ment, clue allowance must bo mndo for tho shrinkage of the Litter, which 
will vaiy fiom oiio-cighth in light sandy soil, to ouo-twolfth in giavelly 
earth, of the quantity excavated and tin own up into embankment; in other 
wouls, that additional quantity must bo provided, for in calculating what 
cutting is leqniied for the finished embankments. Rock, on tho contiary, 
occupies moio space when broken, its bulk increasing by about ono-hnif. 
In piactice, thciefore, excavations should in geneial exceed embankments 
by 10 per cent. 

173. Culverts, are openings left in the embankment to puss the suifneo 
drainage of the countiy. They aro usually built of masomy, and may ho flat- 
topped, or aialicd, as is found most economical. Their size depends on tho 
amount of water to bo passed, but tho necessary space should bo given by a 
number of small aiclios, instead of one or two largo ones, to prevent the 
embankment being unduly laiscd. "Where tho amount of water to be passed 
is consideiablo and runs ill a regular wator-eouise, a Bridge is nccessoiy. 

Sections and plans of culverts arc given ill tho annexed Plato. They 
should be provided with floorings if there is any rush of watei, and if the 
soil is bad; oi if thcie is a gieat weight of embankment above, they may 
have inverts below the flooring, or the section may be egg-shaped. 
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174. Id preparing the Estimate, the cost of the various items must be 
carefully woikcd out for the sevei al localities. The items will, m general, be 
Surveying expenses, which would probably be given in a lump sum, or 
would be included under the head of superintendence; Lining out at so 
much a mile; Earthwork, at so much per 1,000 cubic feet-/ Metalling, at 
so much per 100 cubic or superficial feet; Drains and Culverts, at so much 
per 100 cubic feet of masonry ; Bridges (by themselves, as separate detail¬ 
ed estimates); Mile-stones, at so mrrch each; Tiee-planting and fencing, 
at so much per 100 trees; Superintendence, at so much per cent. 

The cost of Earthwork depends, on considerations which have been al¬ 
ready explained in Yol. I, para. 854. (See also ante, jr. 1GG ) 

Cost of Metalling. —For a 16 feet road, the quantity of broken stone 
will be 1G x -75 X 5,280, per mile, fora metalling- 9 inches thick = 
63,860 cubic feet. For a kunkur road, it will be 52,800 cubic feet,! the 
thickness being at centre 9 inches beaten to 6 inches; and atsidos, Ginches 
beaten to 4^ inches. Cost of each, including labor, on which more will be 
said presently, will vary from 2 to 3,000 Us. per mile. One man can bieak 
about 20 cubic feet of hard stone in a day, which would he about 160 
cubic feet for the rupee, or Es. 396 per mile; besides the first cost and 
carriage of material and laying it on the road. 

From former Grand Trunk Road rates it appears that kunkur was stack¬ 
ed by contract at the side of the road at about Es. 1-4 per 100 maunds 
when brought from a distance of 1,000 to 2,000 feet. This is at the late 
of nearly 500 Es. per mile, but docs not appear to have included any piice 
paid for the material itself. The following- has been supplied to me by an 
experienced Eoad Engineer, but the figures are too low for present prices, 

Excavation will lange fiorn. 0 15 O to 1 8 0 

Carting, (within 3 miles,) par mile, . . . . 0 8 0 to 0 9 0 

Stacking at load side,.010 to 016 

1 8 0to2 2 9 

Consolidation, 0 10 0 to 0 14 0 

Total per 100 cubic feet of kunkur metalling cai ted ) „ 0 - , „ « » 

one mile, j *' “ 0t0 3 u “ 

Hates of Work on the Lucknow and Fyzabad Road , which is still under 

* And m bill roads, Blasting at so much per 100 or 1000 cubic feet, 
t Or about 41,000, a cubic foot of kunkur weighs about 65. 
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construction, may usefully bo quotocl; they have it is believed been found 


sufficient, 

Earthwnk (oulmaiy),.. ■ • nt Es. 2 per 1,000 c. f. 

X)o in high embankment and can Ieil 150 

raids,. at Es 4 

Turfing slopes.at As, 4-G, 

Metalling, kunkur, cauiod an average dis- 

tanc0 0 {-2 layers each 4J inches 

thick,.at Es, 5 per 100 e. 1. 

Pucka Imclc masomy sot in lime, for culverts, aL Its. 17 per 100 c, 1. 

Milestones,.at, Its. 10 each. 


The following were tlio Ralefi of Work actually executed on the Lahore 
end Peshawur Hoad up to 1st May, 1853, calculated on an average of all 
the divisions:— 


Eaitliwoik,.at, IN 3-5 per 1,000 e. f 

Masomy.at Es. 12-11 per 100 c. f. 


The following were rates, at that time estimated to complete the above 


road:— 

Kunkur metalling, cauicd for a consideinblc 

distance, .nt Its. 3,830 pci' mile. 

Stone metalling cauiod lrom six to nino 

miles, .nt Es. 8,000 per mile. 

Tunnel excavation,.nt Es, 20 per 1,000 c. S. 

Tunnel masonry,.. , . . at Es, 25 per 100 c,X, 

Dry masomy for ictniniiig walls,.at Es 0 per 100 c. f. 

Milestones,.at Es. (10 each. 


As to the cost of Bridges and Culverts it is evident that it must vary 
almost indefinitely, but on the Grand Trunk Road it lias been estimated at 
from Rs. 75 to 100 per running foot of water-way for small bridges, and 
fromRs, 3 to 400 for large ones. 

The following is the average cost of Macadamized Ronds in the Madras 
Presidency . 


Width of load, 

Width of metalling, 

Cost of eartliwoik, 

Do. of metalling, 
Bridges and Culverts, . 
Snndiioa, . 


30 foot. 
24 „ 

£ s. d. 
106 14 0 
103 1G 0 
802 14 O 
40 0 0 


£073 4 0 

If an addition he made to this sum for the cost of superintendence, be,, bringing it 
np to £750 per milo run, this will lie an ample allowance for any contingency. 4155 
per mile has been estimated ns the annual cost of maintenance. 
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175, "We shall next treat of the Comparison of Cost with Beturm, 
This is a question that the Engineer may or may not hare to consider. E 
general he receives his orders to constinct a 1st or 2nd class i oad, from such 
a place to such a place. Often the importance of the road cannot be mea¬ 
sured by the money returns. It may be a militaiy load, important in astia- 
getical point of view, but of no great consequence to trade. Or even where 
made for commercial puiposes, it may bo difficult to show the actual gam to 
the makers, who in India aie geneially the Government; and who deriveuo 
direct advantage from it, except perhaps from tolls, which barely suffice to 
keep it in repair. But, as it is to be hoped that the time is not fai distant, 
when piivate individuals or companies may expend part of their own re¬ 
sources in making loads, as a good commercial speculation, giving adequate 
returns, eithei directly in the shape of tolls, or incliiectly in the saving of 
carriage and cost of transport of productions, it is right that the lising 
generation of Engineers should understand the principles of the question. 
Fiist, then —That voacl, which is truly cheapest, is not the one that has 
cost the least money, but the one which makes the most profitable 1 eturns 
in proportion to the amount expended on it. In its construction it should 
of course, while violating none of the principles that have been above laid 
down, he so laid out as to require the least amount of expensive works, and 
with an eye to the proximity of the materials used in its construction. 

'When, however, the cost of construction has been propeily estimated, 
the returns to be expected from it are next to be ascertamcd ; and though 
these will of necessity be approximations only, yet experience has shown 
that the right appheation of principles will enable a very fair result to he 
arrived at. This lesult will be in the shape of the annual saving of labor 
in the carriage of goods and passengers, which the construction of the road 
will produce. If this annual saviug exceed the annual interest of the 
money to be expended, (at whatever per centage the money can be obtain¬ 
ed,) then whatever be the amount of that excess will be clear gain* to the 
proprietors of the load, to be taken by them in the shape of tolls; or in 
cheapening the carriage of their own goods. And the result so worked out 
from traffic previously existing, may always safely be assumed to he below 
the mark, as experience invariably pioves that good roads are not merely 
a convenience to the old traffic, but will also create a very large additional 
traffic, 

* After paying foi Road meuntermnoa end 1 epairs. 
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176. Say that it is proposed to substitute a good metalled road in 
place of a kuchn load actually existing in any district, the load being 
already raised and biidged. 

As a fust step, returns of actual traffic must be made. These -will be 
taken by observeis stationed at diffe) ent points with printed forms in their 
hands showing tho number and descnption of oaniages, carts and animals, 
wliethei laden or unladen, passing to und ho. They should be taken for 
seveial successive clays, care being taken to ascertain whether it is average 
traffic 01 due to any special and temporary cause, such as the holding of a 
fair or the like. 

The cost of this traffic is next to he considered. Let us neglect the 
question of speed and consider only the weight. Assume that the road is 
30 miles loug and that 500,000 maunds (of passongers, cattle, grain, &c., 
a veiy moderate amount) arc annually canied. The avoiage fiietion of a 
iuclia load may bo taken at of the weight. Tho annual force of draught 
required will llicrefoio bo 25,000 maunds = 2,000,000 Bis. If the average 
power of draught of a bullock at 1'5 miles an hour for 10 hours a day be 
taken at 50 lbs. there would bo required 40,000 bullocks to tianspoit the 
above in two days, or 80,000 in ono day. And taking tho daily line of a 
bullock at 4 annas, tho annual cost of transport of the above traffic would 
be 20,000 Es. 

177, Let tho road now bo supposed to bo metalled—so that the ani¬ 
mals would diaw tlnoe times as much ns before. 

Then the saving would evidently bo 13,333 Es. per annum, which tho 
carrieis could affoid to pay cither in tolls or in paying for tho metalling 
themselves. If the money were bonowocl at 10 per cent, this would re¬ 
present a capital of lakhs, and as the cost of the metalling would not 
exceed 90,000 Its. at 3,000 Es. a mile—there would he a clear gain of 
40,000 Es.* besides tho saving in. time, and in wear and tear of animals 
and vehicles, and the proM on extra traffic which would be attracted to the 
good road, which might bo set against the annual cost of repairs. 

Next suppose tho old road is only to bo improved by being shortened a 
mile by a new alignment of part of it, Then -^jth of the original distance, 
and therefore labor = 667 Es. would be saved, representing a capital of 
6,670 Es, and if tho proposed diversion can. be made for this sum, it 

* Or if tho money rrtlBQcl wgiq ttieii own, tlioy ■would get n handsome return of 30 pci cent for 
their money. 
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should be made at once. It is clear there will be a further saving in 
having a mile of road less to repair. 

Next, suppose that the original road has a heavy gradient, 1 mile long, 
at a slope of 10 to 1 to the top of a hill, which it descends by a similar gra¬ 
dient on the other side; and that by making a detour of a mile, the gradient 
can be reduced to SO to X. It appears from the table, p, 1 GO, that an animal 
can draw 2£ times as much in the latter case as in the former, so that to 

draw the above tho traffic would cost - 0 x^? |00Q Rs. = 3,333 Rs. more 

annually than with the lighter gradient; so that if the extra mile could be 
made for Rs. 30,000, it would he worth making. 

These calculations will show the principles on which similar ones in 
like cases should he conducted. Some such calculations should, whenever 
practicable, accompany every design for a new Road. It is true, as remark¬ 
ed above, that the pecuniary return would be nominal, rather than real, so 
far as the Government was concerned, bnt it wonld at least serve to show 
tbe absolute benefit to the community that would arise from constructing 
or improving tho road; and indirectly, no doubt a good Road is as profit¬ 
able to Government as a good Canal. 

178. The following Memo, will be found to bear directly on the above 
question. 

Extract of a letter from the Post Master General, North Western Provincet, 
dated 30th September, 1850.—A calculation based on tlio returns of tlio Bullock 
Train, goes far to prove that without any reference to the general interests of tbe 
country, the want of a road to Lahore annually causes Government to incui an ex¬ 
pense greater than would keep in lepair, and pay inteicst on, the original cost of 
construction of a metalled road. 

The following statement shows the actual number and weight of packages conveyed 



Miles. 

IS 

11 

Gloss Weight, j 

Cost of 
Conveyance, 




Mds. Srs. C. 

BS. A. P, 

Stum Allahabad to Cawnpore, 

125 

3,594 

6,002 29 9 

1,748 0 0 

Shorn Meerut to TJmbaHah, ,,, ... 

128 

1,992 

2,929 1 0 

2,632 10 8 


from Allahabad to Cawnpore, and from Meerut to Umballah, in the month of May, 
1850, together with the cost of establishment on each road. I have selected May m 


• One-flfteonth ot the whole distance. 
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a month in winch the establishment was fully employed, and one during which there 
are no difficulties aiming fiom min. 

The distances .no nemly equal to each other, and to the distance between Iturnaul 
and Loodmna; so that the conypniison can bo at onco applied to the latter line. 

The iesnlt is that the actual cost ot conveying and guarding one ton of goods on 
the metalled load is Rs. 8-2-1,'* while on the umncUUed load the cost for the same 
distance lh Rs 23-2-G.f Piom these data it is easy to estimate the cost of leaving tlie 
road in its picsenl state. The sums mentioned, merely show tho actual clmigo of 
haulage m dry weatliei, and do not include tho cost, and wear and tear of carts and 
nagons, or any estimate of tho loss occasioned hy the unmctullcd load hy delay caused 
by nun. 

H the whole wcio completed by the Biitish Government, tho cost could hardly 
e\ceed Es 5,000 a mile. At this late, the total cost would bo about six and a half laldis 
of rupees Tho annual cost of keeping a metalled load in lepaii is I believe, about 
Es JQO a mile; all establishments included. Tlie total annual clmige on tho load in 
question may thciofoie be 1 eekoned at Rs. 70,900. 

Intoiest on OCO.OOO, at 6 per coni,. 32,(500 0 0 

Annual lcpniis oi 128 miles, at Rs. 300 per milo, . . . 38,-100 0 0 

Total, . . 70,900 0 0 

The diftoianco in tho cost of tho convcynneo of each toil of goods would be ns 
above, Hs 17-0-5. 

Charge for conveying ono ton on unmctnlled road, ... 25 2 6 

Clmgc for conveyance of one ton on metalled load, ... 821 

DSIToionco, . 17 0 6 

If thciefore the weight of goods, for the cost oE conveying which Government is 
charged, amounts in tho year to 4,1(11 tons, the whole cost of making und keeping the 
road in lepaii would he covered. 

I have no means ol knowing the woiglit which actually passes between the Pro¬ 
vinces and Loodiaua, en route to tho Punjab, (he Jullundui'Hold) and Pciozcporo ; but 
if Ordnance und Commissniint stoi es, baggage of troops, and miscellaneous ai lielos for 
civil establishments, mo taken into account, I conceive that on the nvciagc of yems, 
the amount would not full short of that indicated above. 

To this must ho added many advantages, money value of which cannot ho shown ; 
such as mcicnsed speed und leguliuity of the mails; tho nhbenee oi all ohuti notions 
to the mov cment of troops ; mul tho avoidance ol tho thousand annoyances, delays, 
and urpuies which aie now caused by a shower of rain. 

It is needless to dwell on tho injuiyto the iiaflic and general inieicsts of the coun¬ 
try, by a state of things winch tuples tho cost of carnage, and for J our months in each 
year practically doses all communication above Kuinanl and Seluuanpoie. 

On the Trunk Road, a pair of' bullocks can with enso drag a ton of goods. Even 
if theiefoie, a toll of C rupees was imposed on each cait chawn hy two bullocks, the 
merchant and public would, gain 12 nipecs in. each ton of goods passing between 
Kuruaul and Loodiuna. 


Per ton per milo, Rs. O-O-Oi. t Tor ton por mile, Re. 0-3-0J. 




18S 


SURVEY; DESIGN AND ESTIMATE. 


179, The following shows cost of transport of (100 maunds weight of) 
goods one mile, by different conveyances. 


Mode of transport. 

BS. 

Bate. 

A. 

P, 

Piolmblc 

distance 

tiuyplled 

daily. 

Reiuhks. 





Miles. 


l md. a 80 ffia. 

Ocean long voyages, . 

0 

0 

2-20 

150 

■> 


American lakes, . 

0 

0 

i'7G 

. « • 



Hudson liver,. 

0 

0 

4 00 



Obtained fioio 

Eiie canals, .. ... 

0 

0 

6'35 



.repoit of State 

Ordinary canals, .. 

0 

0 

8 00 



Engineer of Nra 

Coal Hallways, 

0 

0 

1111 

80 


York for 1853. 

Tavoinblo passenger lines. 

0 

1 

8 00 

150 



Passenger lines, steep giadicnts,... 

0 

2 

8 25 

150 

. 


East India Railway, lowest rate,... 

0 

2 

100 

150 

■■ 


Country carts, over metalled road, 

0 

4 

0 

12 


Indian rates 

,, „ countiy ,, 

0 

5 

4 00 

12 


of transport for 

Indian C allying Company over tho 






hgialns and the 

Grand Tmnk Road,. 

0 

G 

11-00 

p“t-3 

CO 

CO 


cheapest deserip- 

Probable lfttc by Navigable Canals 






tion of goods, ‘ 
fa 

in Upper India,. 

0 

1 

0 

12 

j 



Note.—T he probable rate o£ interest to bo charged on goods would he one nmm 
per 100 rupees daily, or 22} per cent, nearly (22 8 per cent) Thcrorora the cost of 
transport of 100 maunds of grain, worth 100 rupees nt prime cost, conveyed by Canals 


a distance of 000 miles, would be— 

It. 

A. 

P. 

Cost of carriage of 100 maunds .. .. = 

18 

12 

0 

Time of transport, 2G days, nt Rs. 0-1-0, .. ., — 

1 

9 

0 

Total, .. 

20 

3 

0 

or nearly 20 per cent, on prime cost, 




Should the rate be reduced to 8 pie a mile 




The cost of carriage of 100 mds. — ® — 

12 X 1G 

12 

8 

0 

Time of transport, 25 days, at Rs. 0-1-0, .. ,, = 

1 

9 

0 

Total, .. 

It 

1 

0 

or only 14 per cent, on prime cost, 




By the lowest rate of Railway charges, 




The cost would ho 300, at Rs. 0-2-1,.— 

39 

1 

0 

Add time of transport, 2 days,.— 

0 

2 

0 

Total, .. 

39 

3 

0 

or 39 per cent, on prime cost. 




By country Carts on Metalled Roads, 




The cost would he 300, at Rs. 0-4-0,.— 

75 

0 

0 

Add time of transport, 25 days,.— 

1 

9 

0 

Total, .. 

76 

9 

0 


or 76-72 per cent, on prime cost. 
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By country Carta on TJnmctallcd Roads, ns. a. p. 

Tho coat would be 300, at Its. O-B-4, .. ., — 100 0 0 

Add timo of transport, 25 days, .. .. = 19 0 

Total, .. 101 9 0 

or over cent, per cent, on prime cost, with no allowance made for back hire. 

By Bullock Train over the Grand Trunk Hoad, 

The cost would he 300, at Ha. 0-6-11, .. .. = lid 3 6 

Add time for transport, 9 days, at Its. 0-1-0, .. = 0 9 0 

Total, .. = 111 12 6 

or nearly 115 per cent, over prime coat for tho cheapest class of goods, and 100 per 

cent, over the lowest rate hy canals. 

Comparing the cost by Railway and hy Canal, if tlio canal rate is one anna a milo, 
it is only onc-half tho railway into nearly, and about onc-third tho railway rato if tho 
charge ho only 8 pic. Therefore, till tho interest on tho capital of prime cost makes 
np tire difference owing to tho loss of timo hy the canal, water transport would ho 
preferred to railway carringo. That is, no goods would he sent hy laihvny under 
ordinary circumstances that cost less than Id lupccs a inaund, for 

It. A. p, 

100maunds trauspoited 300 miles, ®, Es. 0-1-0 .. .. = 18 12 0 

Interest on 100 maunds, @ lls. 11 for 23 days, @ Es. 


0-1-0 per cent.,.= 21 14 0 

40 10 0 

And 100 maunds for 300 miles, @ Rs. 0-2-1.= 39 1 0 

Interest on 100 maunds, © Rs. It lor 2 days, @ Rs. 0-1-0 

percent., .. .. .. .. .. .. .. = 1 12 0 

40 13 0 


Again, suppose ono European Soldier costs tho state £100 a-year, or Rs. 2-1 l-io daily, 
and that ho can ho conveyed by rail 1,000 miles lur Rs. 16 in threo days, tho cost to 
Government would he— 

Es. 2-11-10 X II .. .. = 8 8 6 
Add railway charge, .. 16 0 0 

Total, .. 24- S G 

To march 1,000 miles at tho rate of 12 miles a day, without halts, would occupy 83 
days, andRs. 2-11-10 x 83 = Rs. 227-G-4 j or, by n quick railway, he can he carried 
at nearly one-tenth the cost to Government than if he had to march, and his services 
are available 80 days sooner. Tho natural conclusion to bo arrived at therefore is 
that both qurck Railways and slow navigable Cannls, are required for the protection 
and development of India. 

180. Annexed are Plan, Longitudinal Section, and Estimate of an 
actual Road, which will sorve as a guide to the student, and will holp to 
explain the preceding paragraphs. 

Lucknom and Fjzabad Road.—First Section from Lucknow to Narvahgnngs 
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distance 16j miles.— The now road proceeds in a direct line from the iron brid 
Lucknow, for a distance of 500 feet, and then, curves .slightly through tlio half 
ous bazars of Alosahibgange and Chnwgunge, and thonec iu a direct lino till rvithin 
2,000 feet of the Ivookmil bridge, where it joins the old road by a gentle curve thus 
saving the formation of any new embankment on the low ground near the rher j 
this piece of the road, nine drain bridges are required, to pass off tlio druina«e of the 
country into the Goouil.ee, audits branch, the Ivookrail. 

Prom the Kuokrnil uudilcc, the old road is followed up to the outskirts of the town 
of Chinhut, a distance of about four miles. Iu tlicso four miles a good deal of em 
bankment was raised before the mutinies of 1857, and two small drain budges wem 
built, some of the gradients, however, were very steep, and required alteration. In 
this distance, the two old bridges, and four .small drain bridges, arc requisite, 

Tlio road formerly went through the town of Chiuhut, (us shown in the annexed 
plan by a dotted line,) making a largo circuit for the purpose. It has been shortened 
by going out-side of the town. In the new piece of embankment outside the town are 
three drain bridges. 

At a little moie than a mile beyond Chinhut, is tlio Thakoordwava Nullah which 
I propose crossing- by a bridge of 30 feot waterway, llie foundations being on blocks. 
The soil is sandy to a depth of 12 feet, at which depth there is a bed of kunkm-, into 
which the blocks will be sunk. During severe hoods, the water now covcis the road 
to some distance on each side of the bridge. A good deal of heavy embankment is 
therefore required here, which will extend from this nullah to another, (the Imleo 
hand,) one mile further on. The Imleo bund nullah is to have a bridge of 10 feet 
water-way. Drawings of these two bridges arc given. 

For tlio next five miles there is now no embankment, and it is requisite to raise the 
road in this distance to a slight extent, the height of embankment varying from 1 to 
3 feet. 

The next object of any importance is the lleyL nullah ; across this there is an oltl 
native built pucka bridge, before alluded to, of seven arches, lm\ing a total water-way 
of 50 feet. 

Between this nullah and the station of Nawahguuge, some embankment is rcquiied. 
Two bridges of 18 and 10 feet water-way respectively, will have to be constructed over 
small drainage channels close to the station. 

Between the present civil station mid the town of Nawabguugc, is the other native 
bridge referred to in the commencement of the lfcport. 

It has Llirec arches, with an aggregate water-wny of 2(i) feet. 

Specification .—Tlio road to be everywhere 30 feet wide ut formation level, with a 
centre width of metalling of 10 feet; side slopes, 2 to 1, whether iu cutting or em¬ 
bankment ; ditches as shown in cross section given. 

The earth to he taken from side cuttings outside the ditches, nowhere to exceed 2 
feet in depth. 

Side slopes to be turfed with dhaolt grass. 

Metalling to be of kunkur in two layers, each 4J inches thick at the centre, and 3) 
at the sides, to he separately consolidated. The lower layer to consist of tlio larger 
pieces not exceeding inches in diameter ; the small kunkur will be kept for the 
upper layer, and will be washed and screened. The bed for the kunkur to be horizon¬ 
tal, and sunk 6 inches below the formation surface, so that the metalling, when con¬ 
solidated, will be flush with the earthern sides. 




100 
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A higher rate has boon assumed for the embanked approaches to the iron bridge 
und Kookrnil nuddeo, where the embankment runs up to 2,3 feet in height, and the 
rarth has to be brought from a distance of 100 (o 000 yards 
Brain Bridges. —The foundation of piers and abutments to be carried down to 
good firm soil, and those of the wing walls to the same depth throughout their length. 

Curtain nails 2 feet deep to ho provided, ns shown in the drawings, and a flooring 
to consist of one brick-on-edge, over two courses of flat bucks. 

All the masonry to be of tlic best kiln burnt biick 12' x G' x 3', in England bond, 
Kt in mortar, consisting of equal parts of clioor, lime and sonrkheo 
All cvposed smfaces to be nibbed anil pointed with fine inoitnr between the points. 
The filling in of the earthwork behind the wing walls to be done iu laverB not ex- 
cc-fiding 6 inches at a time, and to be well rnmmed 
The other details as in the drawings. 
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ESTIMATE of Eautii-wouk in. ;i portion of the 1st Section of U, P 
Lucknow and L'Vzuiad Road, vide Plan and Specification. 


Specification .—-Tile road to he 30 feet wide at tiie formation surface, with side slopes 
of 2 to ], iu both cuttings an id embankments. 

The heights of the sovorjl sections nro taken to the nearest quarter of afoot, 
according to the Table below, which is first calculated. 


No. of 
chain 

stump. 

Height 

oi' 

section. 




Mean ser- 
tionid area 

Length 

ot 

pri'.iuoiil. 

Cubic content*. 

Arens of sections. 

hum for¬ 
mula*, ilO or 
i! in Vol, r. t 
luu'iu ;no. 

Cutting, 

Embank¬ 

ment. 

30 

1-70 

08 CO 


, 4 


1 



31 

TOO 

.. 

152 00 

. . 





33 

■T12 

. . 

173-50 

. . 





33 

0-48 

15'30 

•• 

•• 







2J74T0 

• • 

•• 







37'00 

327-50 


3G , 1 , 55 

100 

36,455 


33 

5-GG 

238-02 

. . 

, , 





St 

4-63 


175-50 

. . 





33 

3G3 

. . 

. . 

140-02 





3G 

5-00 

• , 

200-00 

. . 





37 

3-37 



212-G2 





38 

4’23 

. » 

1G3-C2 

. . 





39 

3-32 



118-5G 





40 

3-40 


129-50 

* 





41 

0-00 

o-oo 

•• 









GG8-G2 

4 

471-80 

2 







238 62 

2074-48 

943-GO 

385G-70 

100 


1,28,667 

41 

TC8 

58'CO 

, , 

. . 





42 

2’21 

. . 

77-5S 

, , 





43 

3-74 


140-G2 

•• 





Carried for- ^ 
ward, .. ) 

G8-G0 

218-20 

•• 

>■ 

•• 

36,465 

1,28,657 
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Height 

of 

{,GctlO«- 




Moan SCO 

tiuii.il men 
eiilcu'nU'il 
fmin loi - 
inuln 1 , VO i-i 
VI in Vol l. s 
jinvu. .ill). 

Lrnptli 

oi. 

in-ifcmoid. 

fjuhin contents. 

So nf 
;hain 
itamp. 

Area 1 ? of Her turns. 

Cutting. 

Embank¬ 

ment. 

Broughtfor-) 
ward, . • 1 

68-00 

218-20 

•• 



.■ 10,453 

1,28,557 

*4 

1-98 


08 00 

• • 





45 

1-6G 


58-410 

• • 





45 

con 

O'OO 


•• 







2J68-00 

•• 








29110 

it 14 SO 


874-10 

100 

37,410 


40 

0 00 

0 00 







47 

3'Oil 


152(10 

.. 





43 

1-14 

.. 

■. 

175-50 





49 

1-74 

.« 

5800 

•. 





50 

MO 

32-00 


•• 








21 O'OO 

-l 

175 50 

2 







32-00 

812-40 

331 *00 

1225-40 

JJ 

100 

• • 

40,847 

60 

000 

0*00 

, . 

•« 





51 

211 

.. 

08-00 

.. 





52 

2'70 

.. 

,, 

97-57 





53 

O'04 

, . 

7-02 






54 

2-57 


., 

87-50 





55 

103 

.. 

32-00 






56 

O'OO 

0*00 


•• 








107 02 

4 

185 07 







O'OO 

430-18 

370-14 

800-02 

3 

100 

26,087 


56 

1-47 

49'50 


, , 




67 

1-45 


49-50 

. , 





58 

1'04 


,, 

49-50 





59 

2-22 


77-58 

, , 





GO 

2'20 

.. 

t , 

77-58 





61 

4'S8 


(18-00 

■■ 





Carried for- 7 
\taid, ,. ) 

49-50 

195-08 

127-08 



1,00,562 

1,09,404 
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No. of 

Height 



Mean sec¬ 
tional area 
calculated 

Length 

Cubic content! 

chain 

stump. 

of 

section. 

Areas of sections. 

from for¬ 
mula), *20 or 
21 in Vol. I. 
para. UiO. ’ 

oi 

pribiuokl. 

Cutting. 

Embank 

ment 

Brought for-1 
ward, .. ) 

49-50 

193-08 

127-08 



1,00,052 

1,09,404 

G3 

327 



118-56 





63 

2-17 


77-58 

. . 





64 

6 60 


. . 

279 50 





63 

2'37 


77'58 






C6 

3*57 


. . 

129 30 





67 

1-02 


152-00 

. . 





68 

Gil 


. . 

252 00 





69 

4-05 

• • 

15200 

, . 





70 

362 

* » 


129-30 





71 

431 


16302 






72 

207 


. . 

97-57 





73 

2 17 


77 58 

. . 





74 

2-10 



68-00 





75 

2-47 


87-50 

. . 





76 

1-28 


.. 

10 GO 





77 

007 


. , 

, , 





78 

0'00 

000 


• • 








983-94 

4 

1242*31 

2 







49-50 

3,931-76 

2484-62 

G165-88 

100 


2,13,529 






3 








Total, 

1,00,532 

3,64,933 




Table of Areas of Cross Sections of a. Cutting or Embankment for a Iloatl. —The rood to he 30 feet -wide at the formation surface, 
with side slopes of 2 to 1, in both cuttings and embankments. The surface outline of the set oral sections supposed to be tolerably level, 
and the sectional areas* calculated by the following formula, S = 2 h {b -j- It), where S = area of Section, h = height, and 2 S = breadth 
of formation surface. Therefore in this particular case, S, = 2 h (15 + h). 
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CHAPTER X X X Y 1 1 . 

LINING OUT AND CONSTRUCTION. 

181. The work on a Road may bo oxocnted by contract or by daily labor. 
The former method is the most economical, but the contractors should be 
well watched to see that inferior work is not substituted. Otherwise, bad 
lime and bricks and badly built masonry will be given in the bridges and 
culverts, and the defects, concealed by plaster ; the foundations will not be 
dug to the proper depth, and the embankments will not be put together 
properly, so that unequal settling and bulging and extensive slips will be 
continually occurring. 

If daily labor be employed, task-work should bo exacted from the 
various gangs, which should have leave to go and be paid up as soon as 
their task is completed. 

Whatever arrangement are made for the execution of the work, the 
Engineer lias, however, first to mark it out. 

The straight portions should be laid out by the theodolite—a series of 
flags being ranged in the proper line by the observer. These are to mark 
the centre Hue of the roadway, and therefore the centre line of all the 
Bridges, Culverts, Embankments and Cuttings. This line should be 
chained and the sites of the levelling stations in the working plan marked 
at every 100 feet by wooden pegs. The tops of these pegs should be level 
with the ground, and the levelling staves for the working levels should be 
put upon them. Thus they become bench-marks, but in case of their wilful 
or accidental removal, permanent bench-marks should be established when¬ 
ever a pucka building or well is passed, or if there are none, solid cubes 
of masonry, 1 foot each way, can be let into the ground at every 1,000 
feet. 

182. When there is a change of direction and therefore an angle, the 
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angnlav point must be rounded off. Tlic curve used is generally a segment 
of u circle, and as to sweep the curve with a sufficiently longer radius would 
be conveninent in practice, various methods are used by which an approxi¬ 
mation to the curve is laid down sufficiently accurate for all practical 
purposes. 

Curves may be laid out in several ways, a few only of the most useful 
methods for oidinary practice are given bore, including those applicable to 
Eailways and Canals where greater accuracy is required than in the case of 
Bonds. 

The length of radius to be given to a cnivo is manifestly inde¬ 
terminate; for if AB, BO be two poitions 
of a lino of a road meeting in B, and it 
be required to unite them by a circular 
arc DE, we have by plane trigonometry, 
DB = DO tan DOB, and since DOB 
is constant, DB varies as DO; we may 
therefore either fix the point D and its 
corresponding point E in the other lines, and find the radius DO by the 
above equation; or wo may assume the length of the radius DO, and thus 
determine the length of the tangent DB, that is, the distance of D from 
the intersection B of the two lines. 

In practice, the first method will generally bo necessary; for if any 
obstruction P, as a well or house, bo situated near the line, the com¬ 
mencement of the arc must he taken so that P may be entirely within or 
without the curve. Again, if there he no features of the ground to deter¬ 
mine the question, as often happens in India, from the open nature of the 
country, a good method will be to fix the point D at some convenient dis¬ 
tance from A the commencement of the road, with reference to tho division 
of the road into miles, furlongs, &c., remembering however that the radius 
thus determined should never bo less than 1 mile, and that ceteris paribus, 
the greater the radius the better the road. 

The number of chords must depend on the amount of curvature; tho 
fewer chords there are, the less trouble there will be ill laying out the 
curve, while on the other hand they must not bo so long as to have any 
sensible inclination to one another. The versed sine of half the angle sub¬ 
tended by the chord at tho centre, gives the greatest deviation of the chord 
from the arc and by finding this versed sine for different numbers of chords, 
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the Engineer will, generally, after two or three trials, be enabled to & 
tlieir number. 

183. Methods of laying out the curve—1st method.—Centre invisible 

no angular instrument required __Find j), 6 

length of the the sine of 1° to the giyen ra¬ 
dius, and lay off this distanco in continua¬ 
tion on the strait line as from 13 to C, and 
from the point thus obtained, lay off at right 
angles the versed bine to the same angle and 
radius. The first point D in the curve is 
thus fixed and by producing the chord BD 
(= 2 sin 30' x radius) to a distance DE (= BD cos 1°) and from 
the point E setting off at right angles EF = BD sin 1°, a second point 
is thus obtained. By continuing to produce the last chord in a similar 
manner and setting off the off-set, the remaining points aio established 
2nd Method.—Same conditions as 1st-—Sometimes the ground without 
the curve, only, is adapted for chain 
measurements. In which case, when 
the curve is not a long one, i. e , does 
not exceed say one-quaiter of its ra¬ 
dius, the following method may be 
found useful. Lay off equal distances 
A Pv Pi Pn Pi Pm &C-» from A along 
AO, and perpendicular off-sets to„j7 2 
to 2 , &e., the points to, to 2 , &c., fixing 
the curve. 

To find these off-sets. 

p l m, = A p 1 tan CA m t 
p % m 2 = 2 2 x p l to, 
p n m„ — u? x p t to, 

For draw »ii n v m 2 n 3 , &c., perpendicular to AO 
Then to, n* = A p* = Aw, (2 r — An,) 

— Aw, x 2r nearly, since Aw, is very small 
compared with r , 

= p 1 to, X 2 r 

m 2 n 2 — Apf = 2 a Ap* — An 2 x 2r nearly 
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= jh m 2 X 2 r 

Vi m 2 ’ Pi m i • • 2 2 &-P? '■ Ap* 
or jj 2 in i — r- j\ m, 
similarly, p 3 m 3 — 3 1 m, 

&o. = &c. 

Cose II.—By the same method to lay out the curve when it is a long one. 
—Ia a long curve, lire langonts, if prolonged to their point of meeting, 
would necessanly fall at a great distance from the curve, thus giving an 
inconvenient length to 
theoff-sets wliichinprac- 
tice should never exceed 
two chains. To lemedy 
this inconvenience, the 
curve must be divided i n- « 

to two or more parts, by 
introducing one or more 
additional tangents, and 
thus the off-sets may be 
confined within their 
pioper limits In the annexed figure llio curve AC is divided into two 
unequal parts nt B ; at which point the tangent DBE is introduced, to meet 
the tangents AD, OE in D and E. The tangent AD must first be measured 
to an extent not exceeding one-eighth, of the ladius AO. Then, in the 
right-angled triangle ADO; AO, DO are given, from which the angle ADO 
can be found; this angle, being doubled, gives the anglo ADB which de¬ 
termines the direction of the tangent DBE. If no angular instrument be 
at hand to lay off this angle, the length of CE can be calculated, and by 
measuring off the distance CE, the point E will be obtained, and by joining 
D and E, the tangent DBE. This done, the off-sets to the curve may he 
laid off as in the last case, the order of off-sets being inverted in DB and 
again in BE. 

3rd Method—Same conditions as first .—Sometimes it may be most 
convenient to lay out the curve by off-sets from its choid or chords, where 
obstructions, on its convex side, prevent the use of the preceding method. 
Let AOB, be a portion, or tlio whole, of a railway curve; HA, a tangent 
at its commencement; TO, a tangent to its middle point C. Take if possi- 
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ble the chord AB, an even number of chains ; find the successive off-sets to 
the radius AO and the tangent TO (= AT) == one-half AB) the last off-set 
TA will he = CD; from CD 
subtract tlic successive off-sets, 
and the remainders will be the 
off-sets p 1 q l &c., which must bo 
set off in an invcited order from 
A to D, and their order must 
he again inverted in setting 
them of from D to B. If tho 
curve be not yet completed, tho 

operation may be continued by taking other chords, ns BE A 

4 th Method .— Centre visible and accessible, no angular instrument re¬ 
quired. —This method may sometimes be used with advantage especially for 
curves of large radii. Find the centre of tho curve by tho intersections of the 
perpendiculars to the tangents at the points of contact; place a signal-staff 
at that intersection, and also at the intersection of the straight lines pro¬ 
duced. Divide those lines into any convenient number of equal parts, and 

- — .1- 

set off at each, in the direction of tho centre, a distance = ^/r 2 -f d 2 -r 
r being the radius of the curve, and d the distanco from the point of contact 
to the point on the straight lino. 

184:i 5 th Method.—Centre visible and accessible, angular instrument ne¬ 

cessary. —Whore the cuivo is quick and the ground over which it passes is 
hilly, but at tho same time is commanded from the points of contact and 
centre, this method is attended with great advantages, inasmuch as the 
points are established independently of each other, and are fiee from nil 
error which may arise (and which in the previous method must be allowed 
for) from the sloping of the ground. This and the succeeding two are the 
simplest methods of all, as they require no calculation or measurement of 
off-sets. They depend on the well known properties of the circle, that the 
angle contained by a tangent and a chord is equal to the angle in the alter¬ 
nate segment, and the angle at tho centre is double of that at the circum¬ 
ference. The appropriate radius having been selected, the angle which a 
chord, of about the length which it is required to have the points apart, 
would subtend at the circumference (i. e., the angle in the alternate peg- 

* lb will be Been tliat tlie tangent TC, is not used in the operation further than to explain tho na¬ 
ture of the method of obtaining the ofC-eots. 



LINING OUT AND CONSTRUCTION. 


201 


metit) is computed from the formula, sine of the angle = ttlMe h 

ff he r e cl — length of chord, and r = radius of curve: thus supposing r = 
20 chains, the angle which a chord of 100 feet would subtend would bo 
2 a 10' 15"; with an ordinary theodolite this angle could only bo laid off 
approximately; an angle of 2° would therefore be adopted, the points due to 
it being 92T3 feet apart. This being ehoson then as the angle, two theo¬ 
dolites would be set up, one at B the other at O, that at B having its teles- 


? cope directed on D, and that at 

S '- N 0 on B, and having clamped 

/vj _—^--J'' their lower plates, the points in 

\ I the curve will be obtained by 

\ \ j tlie intersection of tho arcs 

y '\ ' \ | formed by moving them through 

\ \ j 2° and 4° respectively; for the 

'\\ \ ! DB p = angle in alter- 

\\\j nato segment of tho circle = ono 

o half tho anglo at the centre 

BOy. An assistant must of course move by signal a flag-staff until it is 


intersected by both theodolites, when ho will put down a picket to finally 
murk the spot. 


Gth Method.—Centre invisible , angular instrument required .—The points 
in the curve in this method are fixed by intersections from, tho points of 



contact of the 

VOL. IX, 


tangents; first find the angle ACB, suppose it to be 2a, 

2 D 
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then AOC = 90°—a, and if the required curve is to be composed of „ 
chords, and Ap i is the first of these, p, p 2 the second, &c. 

. Then z GA Pl = ^ 
and z CB ft = (90°-a) ~ 

if therefore a flag-staff be moved until it comes into the intersection p of 
Ax 1 and By,, p 1 will be a point in the curve. 

Similarly Z CA p, = 2^p 
Z CB A = (90-«)^ 

and so on. 

1S3, 7 th Method.—Same conditions as bill ,—It will often happen that 
the services of a second person capable of using the theodolite aie not avail¬ 
able, in which case the above method cannot be applied; the cum mud 
then bo laid out by theodolite and chain. Calculate the lengths of the chord 
AAp 2 , A p v AF, (see last fig.,) lay off banderoles along the lines Aar,, 
Ax 2I &c., (the angles CA®,, CAz, &c., being successively jfl, 2 /3, S /3, Ac , 
and /3 being found as already explained,) and measure the chords along 
them. Proceed similarly from the point B. The point F the centre of the 
curve should of course coincide with the samo point as measured from A; 
if any small difference exist, the mean of the two points should be taken, 
To find the lengths of chords 

A p — 2 sin 
Ll 2 

A p 2 = 2 sin AO p l 
&c. — &e. 

Tins method has the disadvantage of requiring a separate calculation 
for each choid, but this will not be of consecprenee when tlie number is 
small. It possesses also the further disadvantage that an error made 
in measuring the length of any chord will not be detected; on the other 
hand, any error in one chord will not affect the accuracy of the rest, as 
would bo the case in many of the methods ordinarily employed. 

186. Tho Compound Curve , consists of two, three or more portions of 
arcs of different radii, and is adopted where the line is required to pass 
through given points to avoid obstructions, or where a principal station or 
terminus is required. 
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187. C ase iIie utllius 

T 


✓ T' 



O' 


of the compound curve , the starling 
point and me radius Icing given .— 
From the given point B in the tan¬ 
gent AB, draw the given radius BO 
perpendicular to AB ; and draw the 
curve to some point C, where it 
is found convenient to change the 
radius; draw the radius 00, and 
perpendicular thereto diaw CT', 
meeting tlio tangent DT in T'; 
make X'C' = T'O, and from O' 
draw O'O' at right angles to TC', 
meeting CO, prolonged, if neces¬ 
sary, in O'; then 0' is the centre 
of the arc CO' of the curve, con¬ 


formable to the nature of tangents. 

Case II.—One of the two radii of the compound curve , and its starting 
and closing points Icing given, to find the other radius. 

Let AB, C'D be the tangents, B and O' the stalling and closing points 
of the curve. Draw tlio perpendiculars BO = C'H = given radius, 
to the tangents; join Oil, and bisect it in F ; draw FO' perpendicular to 
OH, meeting C'H prolonged in O'; join 00' and prolong it till 00 = 
C'H: then the points O, O', aro the centres of the arcs BO, CO', which 
constitute the cuive, O'O = O'C' being the radius required. 

188. The Serpentina Curve is used in railways when obstructions or 
some other cause render its adoption preferable; it consists of two circular 
arcs of diffeient or the same radii, having their convex sides turned in op¬ 
posite diiections, like the letter S, whence it is sometimes called the S 
curve; the two portions of the curve have a common normal at their point 
of junction, and therefore a common tangent at the same point. This 
curve affords the most easy means of joining two parallel, or nearly parallel, 
portions of a line of railway. 

Case I.—One radius and its tangential point being given, to find the other 
radius and tangential point of the Serpentine Curve. 

From the given tangential point G, draw the radius CO perpendicular to 
the tangent CD, and draw tlio cuive CG to some point G wlieie it is found 
convenient that it should have its point of contrary flexure; through OG 
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draw the normal OGO'; from G draw GT at right angles to OQO't 0 
meet the tangent AT; make TB = TG ; and draw BO' perpendicular to 



AT, meeting OGO' in O'; then O' is the centre, and O'B == OG is the 
radius of the curve BG, as is evident from the nature of tangents. 

Case II.—When the tangential points and one of the radii are given, to 
find the other radius. 

From the given tangential points 0 and B draw CO, BH respectively, 
perpendicular to the tangouts CD and BA, and equal to the given radius; 
join Oil and bisect it in F; draw FO' at right angles to Oil, meeting HB 
prolonged in O’; and join 00', meeting O'G = O'B; then 0 is the centre, 
and O'B = O'G is the radius of the portion BG of the curve, as required, 

Casa III.—When the two portions have the same radius, to determine that 
radius, the tangential points and their distance being given. 

Let AB, CD be the tangents, B and 0 tho given tangential points, and 
BO the given distance, draw Bo = Co' respectively, perpendicular to AB 



CD and of any convenient length; through o, parallel to BC draw o q in¬ 
definitely ; with the compasses apply o'o" — 2Co' = 2Bo; through C, o" 
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draw C o"0, meeting BO prolonged in 0; and through 0, parallel to o’o', 
draw 0 O', meeting Co' prolonged in O'; then 0, 0'are the centres, and OB 
and O'C are the equal radii of tho serpentine curve BGC, the common nor¬ 
mal of the portions BG, GC of tho curve, being OGO' = 2B0 = 200'. 

189* Curve of Deviation. —In some cases it may be necessary to mako a 
given deviation from a straight line of railway, so that the works may avoid 
a building or other obstruction situated on or near it; this is done by means 
of three curves as follows:—Let ABC!) be a straight portion of the railway, 

/j a building or other obstruction on tho line. Take HQ of a sufficient 
length for a deviation, that tho line may avoid the object at h ; and through 
Q draw a curve GQG' of radius QO' equal to, or greater than one mile. 
Draw also two curves BG, G'C, of like radius, to the first curve at G and 
G 1 , and the line at B and 0; then the linos 00' and O'O'' joining the 

centres of the curves, will pass 
through their contrary points 
of floxure at G and G'. Put r 
= common radius OB = 0' Q 
= 0"C, and cl — reqniied 
deviation = HQ; then BII = 
H C = ^/d(ir — d) ; and the four equal chords BG, CG, &c., are each 
equal to /fdr. 

Having given these various methods of determining the radii and common 
normals, indicating the positions of tho tangent points of the parts of Com¬ 
pound, Serpentine and Deviation curves; the manner of laying out the curves 
themselves by tho previous methods, according to circumstances, will be 
readdy seen, recollecting that when junction point of curves of different 
radii occur to commence tho operation afresh, by using the radii and tan¬ 
gent of the respective portions of the curve. 

190, CoHsmuoTioN.—Tho construction of the Earthwork has already 
been treated of in the section of that name. 

In crossing a swamp or bog, tho great object is to drain it thoroughly. 
An open drain should bo cut on each side of the proposed Eoadway and 
parallel to it, the two being connootcd by cross drains, and from these other 
drains must he taken to the natural water-courses. If attempts at drain¬ 
ing fail, the road may be boldly carried across tho bog, but peculiar mater¬ 
ials must be used. It is of no use throwing down bricks, stones, clay, 
and other heavy material, under the idea that an embankment will ho raised 
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up somehow , for they will sink in and disappear. Drainage must be car¬ 
ried as far as possible, the bearing surface distributed as widely and evenly 
as possible, by means of fascines and lmrdles, and the lightest materials 
used for the embankment itself, so that in fact it may float on the surface 
of the bog instead of sinking into it. It was in this way that George 
Stephenson carried the Liverpool and Manchester Railway over Chat Moss 
after the contractor had given it up in despair. 

101, Metalling .—Wooden block paving, plank roads, asphalts paving, 
stone block paving', are raioly if ever used in this country. In general ire 
have to deal with the following sorts—Broken stone or Macadamized 
Roads, Knnlmr, Brick, or Moorum metalling. 

Whatever be the metalling used, the great requisite is that it should rest 
on an unyielding foundation; the embankment must therefore he well con¬ 
solidated before the metal bo laid on, and a thickness of not less than 6 
inches of consolidated metalling allowed to distribute the pressure evenly, 
as well as to stand wear and tear. 

For the first, the proper kinds of stone have already been pointed out. 
The stones should be broken by a hammer into rough cubes that will pass 
through a 2^- inch ring ; the surface of the bed should he prepared to its 
proper form and the stono laid down in layers of 4 inches thick, which 
should be successively thrown open to traffic until each layer is consolidated 
before another is laid down. Not less than two layers will be required, and 
three should he used where the traffic is heavy. A little gravel or such like 
material may he used to bind the upper surface more effectually, but it is 
not essential. Heavy rollers may also bo used for the same purpose simi¬ 
lar to those described further on. A very good one may he made of sheet 
iron packed with brick, and drawn by several pairs of bullocks. 

For kunkur roads the material should also be laid down in layers 4| 
inches thick. Two layers will generally be sufficient for an Indian Boad, 
(except on first class roads, where three will be necessary), forming a total 
thickness of 9 inches of consolidated metalling, and they may he consolida¬ 
ted in two successive seasons. Tho lower layer should consist of the block 
kunkur, (where procurable,) and may be made of pieces 4-J- inches in dia¬ 
meter ; this will form a rough surface, and will act as a foundation to the 
upper layer, which should consist of small kunkur washed and screened. 
Each, layer must be consolidated with heavy wooden rammers while drenched 
with water. On this work being properly done depends the goodness of the 
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toad. It > s generally done thus: three rows of men with rammers standing 
close together follow each other at an interval of some 6 feet apait from row 
to row. The Iuinkur should have throe rammings. 1st, when dry; 2nd, 
nhenwet; 3rd, when drenched with water. The men should he splashed 
from head to foot, or tlic supply of water has been deficient and the work 
will be spoilt. If there are 4 ^ inolies of ltunkur at the centre, they should 
be beaten to 3 inches; 3 inches at sides should be beaten to 2 inches. 
Tills is when the road bed is made horizontal. Sometimes, however, the 
road bed receives its proper shape, and the lcunkur is spiced of an uniform 
thickness as in the case of stone metalling. The knnkur should, when 
finished, be as smooth and uniform as a stone pavement, aud must then he 
left to dry before any traffic is allowed on it. 

Where kunlair is scares and dear, the lower layer of metalling may be 
formed of pieces of hard brick. 

Brick Hoads —When tho biieks are made from nearly pure clay they 
form a good metal; but if sand predominates, the brides are friable and 
quickly pulverize. Tho contents of tiro whole kiln should be brought into 
use; the jhama, or vilified portions, being used for the foundation, and 
tkepeefa, or underburnt, mixed with the other brick will cause it to bind. 

193. The following notes on Road Metalling in the Bombay Presidency 
refer to Iloomm Iioads. 

Whenever our funds will allow, tho mooram is spread in a la) r er of 12 inches, with 
a rubble stone bottoming over the sub-soil, and forms a roadway perfectly cupablc 
of accommodating tho traffic Jor tlic first, few ycros, As the traffic increases, tho road 
crust or surface loses its spongy and porous nature and becomes moie tough and con¬ 
solidated with each succeeding year; but wc also become aware, ns our road gets into 
use, of a great difference in sticngtlr in tiro several portions of tho line, owing to 
the varying character of tho moornm. Our attention must now be turned to the eli¬ 
mination of all sucli weak and bad portions nf the line. New moormn pits must be 
searched for, and failing their discovery, the lend from the good pits must bo extend¬ 
ed from either side of these places, so as to shut them out, and bring tho strength of 
the lino up to nearly an uniform level throughout. 

In many places whole the moornm spread has hcen of a superior quality, and the 
crust of the road is sufficiently strong to carry with safety a thin coating of metal, it 
would be advisablo to substitute broken stono for moornm, in the annual repairs, as at 
the same expenditure, stone is more durable than moornm, A strip of metal, 12 feet 
broad by about 2 inches deep, laid in tho centre of tho roadway during the monsoon, 
would find a bed for itself on the moorum surface. This would givo about 2 cubic 
feet of metal to tlio running foot of road, instead of 4J cubic feet of moorum, that 
would be required for repairing tho roadway, 18 feet wide and 3 inches deep with 
this latter. But as 2 cubic feet of metal aro fully equal in wear to G cubic feet of 
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mooiurn, tlicro is a sniing in using stouo, besides providing a road property pnssa1)1 
during the ruins. The cubic loofcoi second-class inctnl would cost Ex. fi, and an mV * 
of Rs. IS on metal would give results equal to Es. 15 on moorum of the aveuwe 
quality. ‘ ’ 

103. The following- notes upon the Rollers used for consolidating road 
metalling will also be found very useful:— 


The lollcis usually employed on moorum roads nro made of stone, such ns hard 
tiap ; they nro in length about 1 feet, anil 2 feet diameter, neighing say 1 ton each 
or 47 lbs. to the inch or hearing surface. To ascertain whether the effect of the;’ 
rollers is sufficient to give ns a surface haul enough to carry the tinffic without ininw 
we must compaie the compression exorcised by them with that of the wheels of a laden 
cart, which cany m all probability the gi cutest weight per inch of hearing surface of 
any traffic using a road. Our rolling operations will evidently bo of little effienc 
unless they provide a stratum sufficiently tough to resist the action of the cart-wheels 
or in other wouls the weight of the rollers should lie, inch for inch of homing smface’ 
at least equal to that on the cart-wheels. We may assume that each laden cnit has a 
total weight of at least halt a ton, including the cait itseli ; this gives 5 cn ts on each 
wheel, and taking the tiro at 2 inches broad, a pleasure is produced of 280 Ife. p [r 
heating inch. This is six times the piessiu-e of our stone rollers, and leads to the 
bcliei that there is little eilicacy in lolling with such light weights. It is evident that 
if it ho possible to piociuo rolleis with a bearing weight of 280 lbs. per inch oi up- 
wards, our labors would ho much lightened. These views aie confirmed by expeu- 
cncc, as wo find that with light stone rollers, the upper crust or surface is only made 
smooth, and below this is material in an unconsolidated state ; the roadway being 
consequently soon cut through and broken up by tho traffic. With metal, these lollera 
are entirely useless ; wherever they nro now in use, they should ho got rid of as soon 
as possible and others substituted, which pcimit of being weighted up with stone 
boxes and in other ways. / 

Before however proceeding to describe tho superior kinds of rollers, it will be as 
well to show what can bo done with the pioscnt stone rollers, so ns to make them in 
some degree efficacious, at least for the consolidation of moorum and similar materials 
it being nlways borno in mind that as near au approach na possible should be made 
with tlieso machines to tho weight on a cart-wheel. Instead of being made cylin¬ 
drical, they should ho either bnirel-slmped or bevelled. The effect of this shape is 
that tho bearing surface ia reduced to about one-tliud of its former extent and the 
weight per inch is trebled, being now 141 lbs,, or half that on a cmt-wheol. These 
rollers can he made at the same piico ns the usual cylindrical ones, and aie easier to 
turn and lighter in draught than these latter. They should moie especially be made 
of the hardest stone piocuiahle. There is ono point about tho barrel-shaped roller 
which appears to give it an advantage over all other shapes. It is evident that with 
each successive rolling ns tho road becomes haider, tho bearing surface of the roller 
decreases aud tho compressive effect is ineicnscd at tho timo it is most wanted. Iron 
rollers should bo cast in this form ns being probably a moro scientific shape than any 
other. Any slight inverts or cusps caused by this roller would disappear uudei're¬ 
peated rollings, and by tho wear of the traffic. 

We now come to the consideration of those Rollers which permit of being weighted 
up, and for this purpose a stout iron axlo running through the body of the roller is 
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necessary. We are limited, consequently, by this consideration to the common 
English iron roller, onrl a country roller made up piece-meal with stone wheels simi¬ 
lar to those used in grinding chunam. Drawings of these two arc given, and a frame 
work with counterpoise stone boxes shown with the iron roller ; the same frame-work 
docs for the stone roller and is not therefore shown with it. These stone wheel rollers 
cost ahont Us. GO per cent, more than those cylindrically shaped, say Es. 40 and 25, 
respectively. Their weight is 3,780 His. or 105 lbs. to the inch bearing. One ton can 
be added to this by moans of the framework and stone boxes, which gives 1G7 lbs. 
per inch bearing. We are still however far off the weight necessary for rolling metal, 
for which the iron rollers are most effective. The compressive effect of these stone 
wheel rollers might be greatly increased by making them barrel-shaped or bevelled, 
but then- construction would not permit of this. 

The width of the English rollers is 3 feet, and diameter 4 feet, and the weight about 
2 tons. The stone boxes and framework would give another ton ; and if the interior 
be boxed up and filled with scrap-iron, such ns unserviceable pickaxe heads, &c., of 
which every Executive Engineer must possess a quantity, we should have a total 
weight of say 5 tons, or 311 lbs. per inch hearing. These rollers may therefore be 
depended on for consolidating both moornm and metal. They might be made much 
heavier by filling the interior with lead, but it seems doubtful whether any corres¬ 
ponding advantage would he gained to counterbalance the increased difficulty of 
draught. 

The stone boxes arc useful ns counterpoises, which is effected by removing a few 
stones from ono box to the other j ns for instance, on an ascent a certain weight 
removed from tlio rear to the front box would much facilitate the draught of the 
bullocks, according to a well known law. 

In all the foregoing calculations, it has been assumed that all the rollers insist or 
stand on an area proportional to their length only s this is not strictly true, and is 
only the ease where the surface of tho roadway is perfectly hard, and in practice tho 
area is proportional to the diameter of the roller. This is an important fact, as there¬ 
by the effect of tho larger rollers is considerably reduced. To recapitulate then, and 
to exhibit the effective power of each kind of roller after taking all the above into 
consideration, we have the following results ;— 


Tfo, 

Item. 

Wo [gilt por inch. 

Proportion. 

i 

Cartwheel, say 4 feet diameter on tho average, 

280 

1-003 

2 

Iron rollers, weighted up, 4 feet diameter. 

311 

1-117 

3 

Stone wheel rollers, weighted up, 3 feet diamr.. 

223 

0-796 

4 

Bevelled or barrel-shaped rollers, 2 feet diamr., 

282 

1-007 

5 

Cylindrical stone rollers, 2 feet diameter, 

04 

0-33G 


194. Maintenance and Repairs ,—Unless arrangements are made for the 
proper maintenance of a road when finished, it will be hotter not to waste 
money in making it. A pucka road in bad repair is almost as bad as no 
road at all, but with proper supervision, and a small but regular expendi¬ 
ture, no extensive repairs ought ever to be required, and the road at all 
seasons of the year will afford the means of safe and rapid transit. 
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To keep up a road, an establishment -will be required, consisting of gangs 
of laborers under proper overseers, who should have so many miles of roal 
to look after; and supplies of material for petty repairs to the metalling 
should be collected and stacked by the road side; not on the space allotted 
for travellers hut on the berm beyond. A consolidated stratum of 3 inches 
of metal laid as above described on a prefectly hard foundation will bear 
any work, and last three years nnder such traffic as that of the Grand 
Trunk Hoad. The upper stratum of motal will therefore require renewal 
every four years; but meanwhile holes and ruts will occur in places which 
should he carefully repaired as they occur, by filling them in with fresh 
small kunkur, and ramming them prefectly flush with the rest of the work, 

The best time for the annual repairs of a road is at the close of the rainy 
season, but petty repairs should go on all the year round, and every endea¬ 
vor made that whatever repairs arc required, should not seriously interfere 
with the traffic, as is too often the case. The side-slopes, tiufing, it, 
should be attended to as well as the metalling, but they will generally fall 
under the head of annual repairs. 

195. The following (Specifications for this kind of work as used in the 
Allahabad Circle of Public Works, will be found useful:— 

Maintenance of road .—Tlio surface of metal, whatever its width, to be always 
kept free from holes, ruts, and worn-patches, mid to he maintained ns much os 
possible with its due central rise of 1 inch per 3 feet transversely, anil to its M 
original width. 

Immediately on the appearance of any failure of the surface Buch potty repair shall 
ho executed ns shall restore the portion to its original condition. 

The repair shall be commenced always within 3G hours of the first appearance of 
failure. 

In executing such petty repair of metal, the hole, or rut, or patch, shall be cat out 
to the full depth of the coat of metal in a rectangular form, enclosing the whole of 
the patch and parallel with the centre of the road ; the sides of tlio excavation shall 
be sloped off. 

Motal of the quality and description specified for annual repairs shall he laid into 
the hole and pioperly consolidated; the surface of the now patch when completed, 
lying perfectly even with the remainder of the road. 

The motal for these potty repairs shall be supplied by the Contractor, and he shall 
he hound to keep up a constant supply of 1,000 cubic feet in each mile of road, to be 
stored separately from the annual repair metal in such convenient depots os he may 
choose for each mile. 

The earthen sides and slopes ol the road shall bo kept even, free from ruts and 
holes, and generally ranging in height with the surface of the metal. 

The side drains and water channels shall bo kept open and free for the discharge of 

water. 
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The surface of the road generally shall he Icojit freo from accumulations of water. 
The load side trees are to be tended and cmed for, the lower branches of large trees 
to be lopped cmcfnlly during the months of December and Jammy to the requisite 
hcwht to admit a fice head, way for the traffic and no more, but without injuring the 
trees All limbs of faces are to bo sawn off. Young trees to be protected from 
injury by traffic or cuttle in the usual manner with thorns or mud walls, where 
necessary. 

Collection of metal for repairs. —The Imikur to be hard, cloun, and fit for road 
metal in every respect, broken to 2-inch gauge, to bo sieved and cleaned, so as to bo 
perfectly free from earth and oilier matters before it is, brought to the road side. 

The moomm to he hard and firm, so as not to bo easily crushed under the foot, to 
be of a sharp gravelly nntnre, and face of soil; to bo sieved at the quarry; meshes of 
sieve not less than of an inch square. 

The stone to he hard, of close texture (not friable sandstone,) to bo broken to a 
size to pass through a 3$-incli ring every way for the lower layer, and li-inch ring 
for the upper layer j no round or pcbble-slmped stones lo be allowed amongst tlie 
metal. The stoucs to ho broken clear of the road and slopes, and must be perfectly 
free of earth or other matters. 

The metal to be stacked on the berm, free from the sides and slopes and side drains. 
No metal to bo measured until it lias been so stacked. 

In measuring the metal collection, the product of the length, breadth, and of of 
the height, will always bo held to bo the not cubic contents of tho stack. 

The metal collection for annual repairs is all to be effected between tho 1st Novem¬ 
ber and the 30th April next ensuing. 

Consolidation of metal for repairs .—The surface of tho old metal is to be scored 
up with the pick in parallel diagonal lines at G inches intervals. 

Two parallel mud walls 8x0 inches to be formed along tho outer edges of the 
metalling, leaving an interval between them of tho full width of tho metal, to confine 
the metal and prevont its spreading under tlio action of llio rammer. 

The new metal to ho spread upon tho old surface closely packed with tho hand, the 
larger pieces below and tho smaller above. 

The surface of tho now metal to he laid with tho usual central rise of 1 inch per 3 
feet trnnsveisely. As a guido to the workmen CJ-mch cubes of wood will he laid at 
intervals of 1G feet along tho centre, and 3-inch cubes along the side of the metalling, 
the upper surface of which after consolidation must coincide with tbo tops of the 
cubes. Core must be taken to bed all the cubes on one horizontal plane. 

The metal to bo saturated with water and rammed with rammers until thoroughly 
consolidated, that is, until the wheels of ordinary light vehicles passing over it cease 
to leave any impicssion. Tho surface to bo watered for three days after this consoli¬ 
dation has been effected. 

Earthwork for repairs of sides and slopes ,—Tho earthen sides and slopes receive 
periodical repairs simultaneously with the renewal of the coat of metal. All other 
repairs to them will fall under tho head of maintenance. 

The repairs consist of making up the sides to a width of S feot from the edges of 
the metal coat and to tho full height thereof, with a slight fall to tho outside to 
throw off water; and in filling in all holes and channels in the slopes, and dressing 
them off evenly. 

The earthen sides and slopes are to bo repaired immediately after the adjacent 
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poition of metal has been opened for tiaffic. Tlio clods will be bioken down the 
surface rammed and smoothly diessed. 

Excavations for supply of the necessary eaith will in no ease he opened within 56 
feet of the centre of the road, The Executive Engmcei will give special directions 
in this matter wheie necessary. 

Earthwork .—To include all embankments raised and excavations cut— tanks 
hollows, or channels filled, or excavated in any gravel or clay soils, but to exclnde 
excavation for foundations and wells. 

One foot vertical lift to be taken ns equal to 10 feet horizontal lead. In the case oi 
an embankment, this piopoition for lift to bo added to the horizontal lead. 

In filling an excavation or hollow, the hoiuontnl lead only to be allowed. 

The load to be measured in the case of a load, iiom the centic of the excavation to 
the centre of the bonk. 

In filling a hollow or excavation, from the centre of the cutting to centre ofliollov. 

In case of tank cutting, &e., fiom its centie to centre of spoil bank. 

If the soil has to be carted, the excavation will be paid for under that head without 
lead, and the cartage separately at the Schedule late for that woilc. 

Earthwork shall he measured from sections of the bank to he raised, or hollow or 
excavation to be filled, or bank or channel to ho cut. In the first and thud casta, 
cross soctions ho shall taken nt no greater intervals than 330 foot, and each poihoa 
between two sections shall be calculated separately ns a pyiamidal frustum or from 
published tables. 

In the socond ease, the hollow or excavation shall be measured bofoio the work is 
commenced, and the Executive Engineor and Contractor shall ngieo m wilting ns to 
the quantity of woik to bo done. 

If the Contractor commence the work, it shall bo cvidonco that he is satisfied with 
tlie measurement proposed by the Executive Engineor. 

All embankments shall bo raised in succdssive layers of 1 foot depth, slightly con¬ 
cave at the centre and consolidated. 

The side cuttings shall never ho made nearer than 10 feet clear from the toe of He 
slope of the hank, and they shall not be continuous, but shall ho bvokcu at intends 
of not more than 300 feet, hy a block of eaith nob less than 10 foot wide. 

The sides of all side cuttings shall be sloped nt the nntmnl slope of the soil. 

No kimkur shall be quariicd in the side cuttings. 

In cuttings for hollow loads tlio cutting shall always bo taken out squoie to the 
width of the tiavelling surface down to the founation level, and the slopes be cat 
afterwards. 

Turjing, grassing, and sodding .—Tuiilng and glassing slopes mid surface with 
dhool or other grass, or cutting and placing sods. 

In turfing and grassing the grass seed may ho sown or the roots of dhocb, kirns 
khus, or other grass planted according to orders, and watered until they vegetate, 
On slopes the seed should be drilled in horizontal linos. 

Sodding will only be executed in situations wheie good strong tuif sods can be cat 
■within a mile. The sods ore to he cut neatly of a size, and arranged so as entirely to 
cover the surface. 

Sods may he used built ns retaining walls to steep slopes ; in this case then length, 
breadth, and thickness must be in tlio proportion of 6, 3, and 1 inches; they will 
never he less than 3 inches in thickness, and must be laid in courses alternately header 



LIKING OUT AND CONSTRUCTION. 


813 


nnil shctchei'i the beds at light angles to tho hatter; anil tlie successive coiuscs 
breaking joint with the 0110 below. Each com so when laid must ho beaten down with 
large flat rammeis so as to puck the sods closely , hut without breaking them. The 
tacking o{ soil must he built up evenly with the lctninmg wall, comse loi couise. 

Thciatesfai sodding will bo bused on tho assumption, that sods can ho cut within 
300 yards of the woik, a charge foi extui lead will be allowed, if they bo carried more 
than that distance. 

No grassing or sodding will bo executed to embankments, or other made earthwork 
until they have stood one iamy season. 



CHAPTER XXXVIII. 


HILL ROADS. 

190. Tracing Hill Toads .—Before commencing the trace of a mom- 
tain pass or ghaut , tlie best attainable map of the country should be con¬ 
sulted, and a preliminary and careful inspection of tho slopes of the range 
to be crossed will bo necessary, with a view to ascoitain the dhection and 
extent of the ravines and water-courses, and the nature of the ground, 
whether it admits of being cut, or if it is too rocky and precipitous. 

If tho hills are extremely wooded, the operation becomes more difficult, 
but native footpaths may often be found, and an inspection of these mil 
show in somo measure the nature of the ground, though not altogether, for 
they generally follow somo spur of ground, and so fall into the lower part 
of the valley soon, and are very steep. They afford, however, useful hints, 
and after having fixed upon the valley, through which the proposed road 
should he led, it is advisable always to survey any old road or path which 
may be found in it: this laid down on paper, will be a good beginning for 
a rough map of the country, and prove a guide to tho direction of the now 
pass. 

The slope at which the road is to be constructed must now be decided 
upon; this will depend on the purpose for which the road is required, and 
something on safe halting places. It is not expedient that these should be 
far apart, but almost all hill ranges in India are feverish within certain 
limits, and except at particular seasons, people can seldom sleep within four 
miles of their base without clanger. For quick traffic, the slope should in 
no part be steeper than 1 in 20, and if possible, should he less steep than 
that. Supposing the general minimum, slope is 1 in SO, a great expense 
might be saved by making portions here and there, at a slope of 1 in 20, 
for a pair of bullocks could draw a full load for a few yards up a steep 
slope, though they could not do so for a greater distance. Having ascer- 
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tained tlie height to he crossed, and assigned the maximum general rate of 
4ope multiply one by the other, and the minimum length is the result. 
\e\t try to get a maximum length of hill, in the general direction of the 
proposed line, and the easiest possible ascent will he obtained. 

A yalley or myine extending far into the coimtiy to ho ascended, or 
range to be crossed, affords a better hope of a good line of road, than fol¬ 
lowing a spur and attempting to work iL out by zig-zags, and moreover 
lias the advantage of every mile being so much iu the ultimate direction, 
while a zig-zag is an expedient for gaining length with reference to the 
elope only, and without reference to the ultimate progress, and should be 
avoided whenever the nature of the country affords the advantage above 
pointed out. 

It is difficult to write generally on the other points to be attended to in 
tracing—viz., fixing the head and foot of a ghaut, the places to cross livers 
and streams, and when to change from one valley to another: some of these 
become fixed points, to which the road must bo brought, and it requires 
consideiablc care to determine them to the best advantage, and no slight 
practice to work the slopes into them, without expedients or loss of 
giound. 

Experience in executing a road will be found necessary, to enable the 
tracer to avoid a great many inconvenient errors, into which he will other¬ 
wise generally fall. 

Au aneroid barometer will bo found a great assistance to the tracer, in 
deteimining comparative heights, and its portability renders it much supe¬ 
rior to the mountain barometer. 

19?. The following Notes on Hill Road Tracing in Madras, will be 
found useful:— 

Of the two, the labor o£ tracing a mountain road, is greater than that expended in 
the actual laying out of the sheer descent of the ghaut itself, hut it requires not a 
little scientific experience to pitch upon a general lino for the latter, that will give 
scope for running a truce at n fixed gradient of 1 in 20, without having recourse to 
the clumsy expedient of zig-zags. Either a deep ravine or vnlloy should he sought, 
up whose flank the road may be carried ; or a long spur or series of spurs, round and 
about which it may wind, should he chosen ; and whore such a foimation can ho 
fonntl, a combination of both features is best. Much deliberation and care has to bo 
exercised at the outset, in judging by the eye of the practicability of the site chosen 
for the descent. Where the jungle is very close a trial trace cannot well he run with¬ 
out great loss of time and useless expenditure of lnhox ; all which is saved by having 
file ground reconnoitred by an experienced Engineer, who, with the help of tlio 
aneroid barometer, can pretty accurately settle the question. 
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The head of the ghaut is usually a fixed point; and if it is not left open to doubt 
that it must he adopted in any ease, the tracer may commence hie line, working down 
wards, wherever his levelling staff carries him ; recollecting he must ease off big 
a little when turning comers, and must cross all streams at a dead level. Once he has 
started, it is impossible to lay down fixed rules for his guidance, and there is frequent¬ 
ly an ample field for the display of ingenuity and talent before he reaches the level 
ground beneath ■, in truth to pilot his instrument through dense forests, calls for the 
involuntary application of not a few principles of the inductive philosophy, 

For such wort, in such a country, it may boimaginert the common Spirit Level is emi¬ 
nently unsuited. W eighty to carry, and cumbrous to set up in position, whore the ope¬ 
rator can barely find room to stand ; and where a clear prospect of even a dozen yards 
in front of him, is not to he obtained without felling the scrub which hinders advance 
and obstructs the views ; its use has been wisely discarded in such ground. 

The instrument employed is, what is known ns the Gunner's Quadrant, or level for 
setting mortars at their proper angle, modified ft little. The long bar is fitted with 
sights at cither end, and lias a universal joint screwed on at its centre. 

The qundrnnt is reversed from the position it occupies in tlic mortar quadrant; 
having the arc turned inwards, and the radius outwards towards the tracer. An trm- 
atnrc, bearing a small spirit level at its side, and a vernier to vend minutes at one 
end, works on the arc, which to enable the level to bo used for tracing cither up or 
down lull without inversion, lias an excess arc of somo 15° on tho upper side of its zero 
point. Seeing that an angle of 3° corresponds to a slope of I in 20, an arc of 90“ is 
considerably in excess of the angular accommodation necessary in tracing roods, and 
Messrs Elliott, Brothers, might with advantage curtail this over-balancing appendage; 
they might also put tho spirit level in permanent adjustment. 

The tracing quadrant is fixed to a light stick, shod with iron, of a length sufficient 
to bring the pinhole of the sight within easy distance of the eye. The stick should 
not terminate in a point, or tho levels will ho vitiated. Its base ought to be about one 
and a half inches in diameter. 

The forward staff is rather longer than the foregoing, hut has a fixed vane, painted 
white, whoso centre is exactly the same height from the ground as tho pinhole of the 
qundrant sight. The centre is denoted by a dot in tho middle of a black horizontal line. 

The tracer holds tho instrument in his hand, having adjusted tile armature by the 
scale and vernier, to tho anglo of inclination suited to tho lay of the ground, Aslope 
of 1 in 20, corresponding to 2° fi2', or to within a few minutes of 3°, should be the 
maximum, except for temporary descent into water-courses, which may be 1 in 12, or 
4° 45'. The holder of tho forward staff goes on a few yards and is signalled up or 
down, till the foot of it is resting on. tho line of the required slope. The tracer has 
no difficulty in catchiug the bubble of tho lovol with his eye, at tho same moment as 
he watches the vane of the staff through tho pin-hole sight and cross lmirs and ns soon 
as properly placed, ho orders a peg to be driven at its foot. He then moves up to the 
peg, and sends the staff bearer forward to take up a fresh position ; and so on till tho 
trace is pegged in. A party follows to open out to ono (yard, and when the line has 
been inspected by tho Executive Engineer and approved of, to 12 feet: next season 
the road is finished to tho foil width, with a side drain. 

This simple method of tracing is admirably suited to rough undulating country 
covered with forest, whore an ordinary spirit level cannot be easily carried about or 
set up j and where extreme accuracy is not imperative as in the case of common roads 
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E^en ft practised eye cannot lay out a road on tile hill side that would not be found to 
depait widely fioiu tlie unifoim slope proposed, unless tlio instrument has. been in 
hand ah the ’ °1 e *' r!lecs ftS t ' lc - v ' nv0 termed, should thcrofoie bo proscribed, ax- 
cept on flattish ground, where the slavish following oE the instrument is apt to lead 
to the marking of a tortuous line. If a cutting through a saddle or spur has to be 
made it is usual to denote its commencement and end, by inserting two pegs instead 
of one ■ and at descents into streams, the same course must be observed. Great care 
should lie exercised that the hitler arc formed with due legard to facility of pnssage, 
for many an excellent road trace is marred by insurmountable difficulties at the steep 
bulls of livers, or headlong ramps. 

The pegs thus laid down are on the centre line of tlio future road, and when open 
iug the gauge path, the laborers are careful to stretch a stiong line from peg to peg ; 
bj means of which the gradient is rigidly worked to. Before excavating, an upper 
row of temporary pegs, 3 feci, higher tip the hill side than ilic ccntiu pegs, is inserted 
to denote tlio edge of tlio cutting in a like manner with the nifl of string. If all these 
precautions are attended to, an even path upwards of a yard wide is speedily formed, 
and the slopes arc preserved for ever. Jl nothing further is done to it, this path 
ifcelC is often an immense acemmnodntloii Lo both men and animals ; while it enables 
the Engineer to see his way much more eleaily than if lie had to grope through the 
jungle without so safe a guide. Any impiosemcnt in direction which suggests itself, 
is staked out after a thorough exam illation of the trace, and it is not seldom that the 
adoption of a deviation here and there is ndiisnlde. 

A road, it has licen mentioned before, through a hilly district, is more trouble¬ 
some to trace than the incline of a Ghaut. This is due to the difficulty of deter¬ 
mining by the eye alone, how particular features had best bo dealt with, and it 
requites a great deal of care and practice to escape committing mistakes in the choice 
of gradients, and thereby losing both tiino and temper from being obliged to do work 
twice oter. As a general rule, the saddles, over which the road must go, are firs t 
inspected ; and it often happens tlml ft small depth oi rutting at. tlic top will enable 
then to be crossed without, exceeding' the limit of J in 20 ; then the most suiLublo 
sites for bridges are roughly lixed ; and after these observations are taken, the bridle, 
path is levelled iu to the best of the tracer’s ability and jadgniont. On moderately flat 
ground, when it is certain all the slopes are within 1 in 20, the instrument need not 
be used, hut the lino is ranged ns straight us possible, tlio ground to a sufficient width 
on either side is elenred, and the side ditches are staked out, and excavated at once, 
enclosing tlie full width of the road between them. 

It 1ms been customary in Madras to widen tlio 3-fcet trace to a width of 12 feet the 
first senson, as doing so permits pack bullocks or even a single cart to pass along. 
The surface of tlie road inclines outwards slightly, to let tlio water run off, and no 
drain is allowed to bo puL on the inner side. There is, however, a cheek or inter¬ 
cepting channel, IS inches, broad and deep, cut some 30 luet above tlio road, discharg¬ 
ing across it at convenient spots. 

Experience lias shown that a 12 feet road is little injured by tlio rains. 

The objectionable expedient of giving the road surface ail inward instead of an 
outward slope, is, by unskilled persons sometimes resorted to, a method that results in 
the road being soon cut up and becoming a mere water-course. 

During the second season, the building of bridges mul culverts used to be begun, 
and the road was widened to its full dimensions of 18 feet lor a district, and 21 to 21 
feet for a trunk road. 

Everywhere, in side cutting, nil inner drain WHS added to n road wider lhan 12 
YOL, ii. . 2 P 
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feet; but the transverse section of the road surfare was as nearly licnuonM ar p 0 ,. 
sible, half of the drainage falling outwards. 

19S. Tunneling .—When the excavation exceeds a certain depth it 
will be cheaper to make a tunnel as a substitute. The amount of excava¬ 
tion will bo much loss, but the cost of each yard of it will be much greater. 
Calculation in each case can alone decide at what depth it would be eco¬ 
nomical to abandon the open excavation, and to commence the tunnel. 
Sixty feet is au approximate limit in ordinary earth. The necessity for 
tunnels seldom, occurs, however, in the construction of common roads, and 
they will be more appropriately treated of under the Section Eailvays. 

19D. Blasting .—Not only rock, but frozen earth and sometimes very 
compact clay, are removed by blasting with powder. The holes are drilled 
by a long steel bar, called a jumper , which is raised and let fall on the de¬ 
sired point, and at each stroke turned partially round, so that the cuts 
cross each other like the raya of a star. The holes arc made from 1 to 3 
inches in diameter, and from 1 to 4 feet deep. One man can drill in a day 
18 inches of a hole, 3 inches in diameter, in rock of average hardness. 
Wlrcn water percolates into the hole, it must he dried with oakum and 
quicklime, and the powder enclosed in a water-proof cartridge. The piopet 
proportion of powder being introduced by a funnel and copper tube (so that 
none may adhere to the side), a wadding of hay, moss, or dry turf, is 
placed upon it, and the remainder of the hole is filled with somo tamping 
material. The best, for safety and efficiency, is dried clay. The next best 
material is tlie chippings and dust of broken brick moistened slightly while 
being rammed. An inch or two of the wadding being simply pressed down 
upon the powder, the filling material is rammed, or “ tamped," with a 
copper rod till it becomes very compact, Through it, passes from the 
powder to the surface, some means of ignition. A reed filled with priming 
powder, and ignited by a slow match, is generally used by native workmen. 
"Where it can be obtained, however, the safety fuse should bB employed. 
This has the appearance of a common tarred rope, and is so prepared that 
the length of it, which will burn any given time, can bo exactly known, sc 
that no premature explosion need be feared. 

The projmr charge of powder, and the direction of the holes, are very 
important, both for efficiency and economy. The proper regulator of the 
charge is the length of “ the line of hast resistancei. e., the shortest dis¬ 
tance from the bulk of the powder to the outside of the rock, which should 
not be in tbe direction of the hole bored. To produce similar proportional 
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results in different blasts, the charge must be as tlie cubes of the respec¬ 
tive lines of least resistance. Tluis, if four ounces of powder will just 
suffice to blast a mass of rock when the L. L. R. is 2 feet, tho charge for 
another in which it was 3 feet, would be given by the proportion 2“: 4 : : 3 3 : 
13 !- ounces. The absolute amount of powder required depends on tlie 
strennfh of the powder and tlie tenacity of tho rock,, and should bo deter¬ 
mined in every ease by direct experiment. 

On a high fnco of rock a system of undermining may be usefully em¬ 
ployed, hy blowing out a mass bolow, and removing tho remaining over¬ 
hanging portion hy crowbars, wedges, &c. 

No loud report should be hoard, nor stones be thrown out. The best 
effect is produced when tlie roport is trifling, but when the mass is lifted, 
and thoroughly fractured, without tho projection of fragments. If tho rock 
be only shaken by a blast, and not moved outwardly, a second charge in 
tlie same hole will be very effoclivc. 

The safety of blasting operations may be greatly increased by nppdying 
galvanism, to the ignition of the powder, which can then be effected at any 
distance. By its aid a row of blasts can be exploded simultaneously, by 
which their effective power is greatly increased. 

200. Tlie following account of Blasting operations on the Lahore and 
Peshawur Road will bo found interesting r - — 

The old roacl from AUock to l'eshnwur, after crossing the Indus, runs for above 
three miles through a range of low lmt roclcy ancl precipitous lulls. This part of it is 
exceedingly narrow in many places, little over 10 feet, and some of tho principal 
ascents are as steep as l in 8. It is known us tho Gidnr Gulli pass. 

The right hank of tho Cnhul river was selected for the now line. The only great 
obstruction on it was a cliff of limestone rock, near tho village of Khoond, that jutted 
abruptly into the river. Tho height of this cliff above tho cold weather level of the 
Cabnl river is I -IT) feet. Its Lotal length on the river face is 1,033 feet. Of this 
length only 2S6 feet presented any extraordinary difficulty ; tho slope of the remain¬ 
der of the hill, taken at right angles to tho liver fnco, was comparatively gentle, being 
in some places nearly IJ of base to 1 of height. 

The following account refers merely to tho plan adopted for removing the precipi¬ 
tous cliff of limebtono rock, 286 feet in length. 

Two sets of sections arc givou in tho accompanying sheet of drawing. Tlie first 
set show the section of the lull when work was commenced, and tlie present section ; 
the second set show tho section of the hill before and after the explosion. 

On the 3rd Juno, 1860, tho iovol of tho road having boon approximately fixed, tlie 
first and second Companies of Sappors commenced work by opening a path round tho 
hill on the intended lovel; when tho path being finished, the Oflicer Commanding tho 
Sapper Companies, in tho ahsenco of a liberal supply of blasting powder, applied his 
men at the top of the bill to out it down by manual labor, assisted by small blasts of 
powder when the rock would not yield to ordinary tools. 
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Under this arrangement the execution of tlio work would have required an extra- 
vngimt length of line, and Hie economy of tho measure] wus doubtful ; it was co „„ 
qucntly determined to bicuk up tliccliff hy four large charges of powder, placed,", 
shown in the drawing. It was expected that tliese mines would tln-mva cous,ukntl» 
portion of tiic upper edge of tiio cliff into the river, and tli.it wluit remained would be sa 
biokcu up as to bo easily wheeled over the edge of the road without further use oi 
powder. 

By tlio beginning oT November, I S50, tlio two horizontal galleries into the face c£ 
the cliff were fairly commenced. No. 2, measuring with returns, 100 3 feet in lemnh 
was completed on the 2olh of January, 18.il. No. I, !)7'0 i'cet in length, was com¬ 
pleted on litli Miucli, 18,"l. 

Tho loading of the mines was commenced mi the 21st March, 1851, at one o’clod 
p. M., the tamping was. completed by eight, o’clock, A. H , cm the 22nd, and all four 
mines were exploded simultaneously during the course* of the day. 

The effect of the explosion was, to precipitate into lhc liver the outer edge of tho 
hill, (see shaded part, Fit/. and to break up the whole of tho rock included butiuui 
the dotted linos in Fit/. Ii. AfLcr the mines weic lived, walking parties uerc 
employed in wheeling the iteJii’ix inlo the. l'her, and liUlo powder was used except 
on the hnsc of the hill, tit the level of the nuid, which was not much affected hi the 
large quantity of powder exploded immedialely ahoie it. 

The following detail may ho of use in tuluve works of (his nalnro. 

To aiuid any flnmce that might exist of injuring, hv the explosion, (hat pint of 
the rock on whitli the road was to lie carried, it was cmisulcied advisable to lodgo 
the powder some few feet abuoe the proposed level of lhc road ; one gallery its, 
accordingly commenced about 1 feet above Hie fool-path, and curried in horizontally | 
the other was commenced at Hie level of ilic path and was carried in with a .slight rise, 

This cave appeal's to have been unnecessary, as in removing tlio debris, the rack 
immediately below tho charges was found comparatively strong' ami uninjured. 

The galleries were tunnels into the solid rock; limber framing to Hup port the roof 
was not i’onml necessary. 

Tho main galleries were -1J feel, high and -I foot broad. The branches woie smaller 
1 Lcet by 3J fool. The tunneling was effected entirely by blasting with a small jum¬ 
per of l J j inches diameter mid from ,'l to 1 feet in length, worked by two sepoys siding. 
Tho easiest way of working is no doubt to make the first blast at the top of the gallery, 
and to remove all stone that, may bo loosened by it. The subsequent blasts should then 
be arranged as to blnsv through into litis opening. In driving these galleries the Sap¬ 
pers were told off in to four reliefs, and tho work proceeded without rlieck, day and night. 

In December, during which month the works were in full progress, each gallery 
was advanced 32-5 feet, being at the rato of a little more than 1 foot per working (lay 
of 21 hours. The total number of feet of gallery driven was 180; 858 lbs. of powder 
weie expended in 170 blasts, varying in depth from 1 to 3 feet. Tho cost of drivinga 
gallery may be estimated therefore per foot, as follows, including the cost of tools:— 

1G sappers in four reliefs of 1 men each, equivalent to about, 


10 coolies, @ Rs. 0-2-G, 

2'G lbs. powder. 

Repairs of tools, &c., 

Total per foot of gallery. 

Speaking generally, it was found that a vertical shaft 


Rs. 

IS 

» 

it 


19 0 
0 3 11 
0 3 1 


2 0 0 


could be driven twice as fast 
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as „ horizontal gallery, the area of the section of excavation being the same in each. 
Two of the chambers wore worked exactly to contain the charges. The other two 
«erc fanned so as to leave a space louiul the powder, hut it is not possible to say 
nhich is the better construction. 

Loading, Famping, and Firing ,—The powder was stored in the magazine in camp 
in bags, made of a cotton stu IT, holding each 10 lbs. These i\ ere counted as they 
entered the mine. The hose was 1 inch in diameter filled with coarse native powder. 
It v ns prepared in tho mngu/.ine in lengths of tiO feet, an mrangement which facili¬ 
tated the nieasuring out of the hoses to the different chambers. It was protected in 
the galleries bj a thin wooden casing, about one-third of an inch in thickness. The 
ponder Inning been candidly lodged in the chamber, the end of the hose was intro¬ 
duced into tho centre of the pile, conducted down to tiro floor of the chamber, thence 
placed in its wooden case, ami laid along one side of the gallery ; a thin vail of bags 
filled with clay and debris of rock was built at the end of the gallery to isolate the 
powder, and the floor of tho gallery was then covered with 6 to 'J inches of debris to 
protect the hose. Till this was done, work went on in the dark, aCtermuds lanterns 
wcrefiecly used. A common candle in a lantern in No. 1 gallery, not more than 40 
feet from tho month would riot bum. It was very warm in the gallery, lmt the men 
woiking in it experienced no other inconvenience. As the want of light delayed the 
work considerably, a common llieriiiautidote wns applied to tho month of tho gallery. 
It had the desired effect, and while it continued to he worked tho lantern burnt freely. 

In No 2 gallery, the candle burnt without the nssistnnco of a thermnntidote, which 
was probably owing to this gallery being somewhat more roomy than No. 1. The 
lodging of the powder wns commenced at 1. r. m. on the 21st, and the tamping wna 
completed at 7 A. m. oil the 22nd, total 18 hours, being at the rate of 5$ feet per hour 
in each gallery. The working pnrty wns 30 sepoys, relict cd threo times in parties of 
18, aided by 100 coolies, who walked from first to Inst. 

The tamping having been completed, and the hoses nil made of the same length, 
their ends wore collected, attached to a piece of port file, and covered to a depth of 
Eomc inches with earth. The result was perfectly satisfactory. The hoses, about 135 
feet each in length, burned so evenly, that all four mines exploded together, there 
being scarcely a perceptible interval between them. 

Before firing tho large mines, a number of smaller ones were exploded with Lines 


of Least Besistnuce of from 20 feet downward. The charges of some lind been cal¬ 
culated at ^ some at ; generally we found the charges calculated 


(L. L. K.)» 


unnccessnrily violent in tlioir effect, while 


(L. L. E.)° 


gave charges 


somewhat too weak. ’"' ns adopted for the large mines whose Lines of 

Beast Eesistance were, respectively, commencing at No. 1, 30 feet, 40 feet, 30 feet 
40 feet; and their charges 6,400 llis., 2,800 Ills., 6,400 lbs., 2,800lbs., total 98,400 lbs. 


Fonder ,—The greatest part of the powder used was made by the officer in charge 
of the work, the materials having being procured in the neighbourhood of Attack, 
its average cost was Es. 7-8 per maund of 80 lbs. 


Tho Ivhoond Spur is of hard closely packed limestone. The total number of cubic 
feet of rock removed in the cutting is about 2,000,000 of -which 1,840,000 cubic feet 


were effectually reduced to debris by the large mines, being at the rate of 100 cubic 
feet of rock per pound of powder. 
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201. Side-hill Hoads .—When a road runs along the side of a hill fo 
will be most cheaply formed, by making if half in excavation and half in 
embankment. But as the embankment would be liable to slip, if simplv 
deposited on the natural surface of the ground, the latter should be notch- 
ed into steps, or off sets, in order to retain the earth. In adjusting tin 
height of the made ground, an allowance should be made for its subsequent 
settling. 

If the surface be very much inclined, both the cuttings and fillings will 
need to be supported by “ retaining walls,” which may bo laid dry if com¬ 
posed of large stones, or in mortar. The proper thickness which should be 
given to them ought to he the subject of-Mathematical investigation, hut the 
mean thickness of the wall may be said to vary from onc-fiftli to one-half 
the height according to the varying values of the tenacity of the earth 
and the strength of the masonry. 3 ? or further information the reader is 
referred to thci Section on Masoniu’. 

If the side hill bo of rock, the stccji slope at which that material may 
with safety bo cut, will enable the upper wall to be dispensed with. 

When the road is rccpiircd to pass along the face of a nearly perpendi¬ 
cular precipice, at a considerable height (a case which sometimes occurs in 
passing a projecting point of the rocky bank of a river in a mountainous 
district), it may rest on a frame-work formed of horizontal beams, deeply 
let into the face of the precipice, and supported at their outer end by 
oblique timbers, the lower ends of which rest in notches formed in the rock. 
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CHAPTER XXXIX. 

INTRODUCTORY—ALIGNMENT AND DIRECTION—CURYER 
—GRADIENTS. 

203, The employment of a roadway with fixed Rails on which carriages 
nr wagons were drawn liy animal power dates from a very early period, hav¬ 
ing, as is well known, been largely employed on the collieries in England, 
but the first railroad on which Locomotives were fairly employed was the 
Killingworth colliery line, constructed by George Stephenson, in 1814. 
The Stockton and Darlington lino which was next constructed, was at first 
only a colliery line, though it subsequently carried passengers, mid the 
first lino regularly constructed for the express purpose of carrying passen¬ 
gers and goods by steam power, was the Liverpool and Manchester Railwny, 
opened in 1820. Since that time, with many improvements and altera¬ 
tions of detail, they have been constructed all over the world, and in 1851, 
the first small length of railway was opened in India. The great lines 
now under construction are most of them rapidly approaching completion, 
and will doubtless lie the parents of many more branch and subsidiary 
lines, 

203, The Railways hitherto constructed in India have been made under 
the guarantee system, the capital having been raised by the various Railway 
companies under a Government guarantee of a minimum dividend of 5 per 
cent, annually, on all sums duly passed to capital account by the Consulting 
Engineers. The result has been, that Government 1ms exorcised a complete 
control over the execution of the work, which lias, perhaps, to some extent, 
retarded their execution, from the necessity of constant reference and cor¬ 
respondence, but which has at the same time been beneficial in many ways. 
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The first era of Indian Railways in which private enterprise has thus 
been dependent on a State guarantee, may now bo considered to have come 
to a termination. Its fruits will consist, when all the lines in hand and 
projected are complete,—which may bo expected to be the case about 
1869,—of about 5,000 miles of politico-commercial first class trunk lines 
which will have been constructed at an outlay of not less than seventy 
millions sterling. Of this sum, somewhat less than four millions, or about 
5J per cent, of the whole cost, will have been actually contributed by the 
State (loss by exchange), whilst, under the very favorable supposition 
that the average profits on the lines all round will, in the same year 
(1809), come up to the amount of the guaranteed interest, the aggregate 
debt of the various Railway Companies to the Stale will probably amount 
to about nineteen millions sterling, of which fourteen millions will represent 
the net sums advanced by the State in payment of guaranteed interest dur¬ 
ing the construction of the lines, and five millions the simple interest that 
will have accrued on those advances. The assistance that lias been render¬ 
ed by the State in the construction of these lines may ho estimated from 
theso figures, and it must be admitted that the magnitude of its stake in 
the economical construction, maintenance, and working of Indian Guaran¬ 
teed Railways was, and is, suttieient to justify the most careful and the 
most intelligent supervision and control, on its part, of the operations of 
the different Companies. 

Whatever may be the ultimate position of the Stale in reference to 
these Guaranteed Companies, whether it recover its advances or not, there 
can be no question as to the immense advantages that tlie State will have 
derived directly in the administration of the country, e., politically, and 
indirectly, in the prosperity induced by these lines of communications, i .«., 
commercially. And, allowing that the State is fully reimbursed its ad¬ 
vances, its absolute contribution will have averaged about £800 ¥ per mile 
of Railway, equivalent, at 5 per cent, as the market value of money, to an 
annual subsidy of ;£100 for 104 years, or of £G-l for 20 years on each 
mile of Railway. But this is the least possible contribution of the State 
under the guarantee, aud the failure of even ono or two of the several lines 
to work at a profit sufficient to reimburse the State its advances, will aug¬ 
ment this average contribution very materially; every million sterling that 


5,000 


£SQ0 per mile, 
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ji not repaid adding X200 to it. Tlic introduction of a system, free from 
the trammels and irresponsibilities of the guarantee, and more favorable 
to the State, under which the construction of standard and other gauge 
Railways in approved directions might be continued, has thus been a great 
and obvious desideratum. 

Such a system has now been introduced in connection with light branch 
Bailways, and the following are the terms offered by Government, and 
which have been accepted in the case of two lines now under construc¬ 
tion. 

lit.—Eighteen feet surface width of a completed roadway to lay down 
its rails on. 

2 ml .—Land for extensions, diversions, sidings or stations, previous to 
date of completion of line, free of cost. 

3rd.—The payment, on the completion of the line, of a sum equivalent 
to the Import duty paid on the permanent way material. 

4th .—A subvention of Ks. 125 per mile open per annum as a contribu¬ 
tion towards the cost, of maintaining the road from date of opening the 
line for public traffic ; to coasc, however, as soon ns the net profits, exclu¬ 
sive of the subvention, shall for two years or for four half-years consecu¬ 
tively, amount to 5 por cent, on the capital. 

On the other hand, the line is open to Government inspection; the 
tariff of charges is subject to restrictions; one train, at an average speed 
of not less than twelve miles an hour, including stoppages, must be run 
each way every day; special fares for troops, police and their prisoners, are 
provided; the mails are to ho conveyed free of charge; and all persons or 
Companies shall bo entitled to run properly constructed engines and car¬ 
riages on the Kailway, on the payment of proper fares and tolls, and under 
suitable regulations to he approved by tiro Government. 

The concession of the roadway is for a term of 90 years, with right of 
purchase by the Government after 20 years from commencement of term; 
of withdrawal on the part of the Company within 5 years from that date ; 
and of entry with possession free of cost by Government, in case of default 
on the part of the Company at any time. 

From these and the general conditions laid down for similar undertak¬ 
ings, tho debatable points of the guarantee system have been eliminated; 
and the period has now arrived when experience of their suitability may be 
reaped. It is evident that the minimum of State interference, so long as 
VOL. II. 2 Ci 
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the undertaking's are, in any way, aided by the State, has been arrived, at 
for it has been made so entirely the interest of the projectors to comjilet- 
their works rapidly that the only interference necessary, on the part of the 
State, is such as may be requisite to ensure the safety of the public, and 
it is chiefly in respect of the constructive peculiarities introduced that the 
experiment has to be watched. 

204. Railways may he conveniently treated of under the following 
heads:—Survey and Choice of the Line—Roadway—Permanent way— 
Rolling stock—Locomotives—{Stations—Traffic. 

vYs regards the first heading', it is evident that the general direction, of 
the line from town to town is a question of traffic with which the Euei- 
neer will probably have litlle or nothing to do. Ilis labors commence 
when it is a question of constructing the best and cheapest line between 
the towns which it is desired on commercial or other grounds to connect, 

The cost of a Railway being so much greater than that of an ordinary 
road, and that cost in many items (such as Workshops, Terminal Stations, 
&c.), being not in any direct ratio to its actual length, it is often difficult 
to judge a priori as to whether the amount of traffic that will follow the 
construction of a given lino, will be sufficient to pay a fair per centage on 
the heavy cost—or whether the returns per mile will increase in the same 
proportion as the constructing or working expenses*. On the first intro¬ 
duction of Railways into India it was generally laid down as a principle, 
that the great lines should bo carried from point to point by the shortest 
and easiest routes, and that it was the through traffic which was to be 
looked to to pay, rather than the local traffic. The results hitherto as far 
as they can be judged from, lend to reverse this conclusion and to show 
that it is the short local traffic which pays best, and that it is worth mak¬ 
ing a considerable detour to pick up such traffic, rather than leaving it 
to seek the line for itself. 

Both in England and India tho Passenger traffic was expected to form 
an inconsiderable item compared with that of Goods. Yet experience has 
amply proved what indeed might have been expected, that a ton of pas¬ 
sengers while only requiring the same haulage power as ton of goods, can 
afford to pay a very much larger sum for the haulage, while the ckeap- 
ness_ of water carriage almost prevents a railway carrying heavy goods at 
a sufficiently remunerative tariff, to pay for the cost of haulage and wear 
and tear of the line. 
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The questions therefore to bo gone into by the projectors of a lino be¬ 
fore the Engineer is called in, are the amount of Passenger and Goods 
traffic that may bo fairly expected, and whether there is a competing line 
of water carriage which will force the Railway to adopt minimum tariffs. 
The Engineer will then be asked to estimate the cost ; 1st, of Construc¬ 
tion; 2ndly, Working expenses, including deterioration, when some idea 
may be formed ns to whether the project will pay. 

205 , The general principles involved in the Survey and direction of 
the line, are the same as those already explained in the section on Roads ; 
but there are certain differences of detail which require to be noticed. 

From the great cost of the superstructure of a railroad, and the con - 
tinually increasing expense of keeping it in repair, it is highly desirable 
(part from the question of traffic) that it should be as straight, and con¬ 
sequently ns short, as possible. 

As the earthwork of a railroad costs almost nothing for repairs, while 
those of its perishable superstructure are very great, and proportioned to 
its length, as is also the cost (in fuel, wages, and wear and tear of the 
engines) of running the road, it will often bo advantageous to make large 
expenditures for the former element of cost, in order to lessen tlic 
length of the road, and consequently the annual expenditure for the 
latter. 

On those grounds, a short route, which has the faults of steep gradients 
and curves of small radius, may profitably receive an outlay of capital upon 
it, for the purpose of lessening these defects, equivalent to the cost of the 
difference of distance between it and a longer line, which lias better grades 
and curves. 

20G. Gradients .—In the section on Roads it was explained how a 
steeper gradient could ho allowed on a kncha than on a pucka road, the 
resistance of gravity to he overcome being the same in each case, and 
therefore beaiing a much larger proportion to tlic frictional resistance in 
the latter case than in the former. For the same reason, the gradients on 
a Railway should he very much less steep than on a metalled road, the 
friction being so much less and therefore the loss of power due to the 
increased gradient being proportionally so much greater. On a good 
metalled road a horse can only draw, on a gradient of 1 in 24, half the 
weight which he can draw on a dead level, and as a rule the maximum 
ruling gradient should not exceed 1 in 30. A locomotive may bo said to 
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loss half its power at a giadienfc of 1 in 220; and the ailing gradient 
should if possible not exceed 1 m 275. 

It is however, a more complicated question than that of a road. L 
both, of eouisc, loss of power meaus loss of money, but in the case of a 
railway it also means wear and tear of permanent way and carnages m 
ascending, and increased dangci in descending; on the other hand it 
equally resolves itself into a case of compaiative cost in the one case asm 
the other, and in forming a decision the yj ros and cons must be well 
weighed. 

The cost of draught on a raihaacl ia neaily as the power employed, so 
that it will cost neaily twice as much to cany a load on a railroad with an 
ascending grade of 24 feet to the mile, as to cany it on a level loute 
This consideration will tlieieforc justify laige expcndrtuies upon the exca¬ 
vations, embankments, &c., of a itulvoad, with a view of leducing its 
giades. The propiiety of such expenditures is to be deteimined by com- 
panng the annual mterost of the amount with the annual saving of power 
ever after, in chawing the expected loads over the flattened load, It will 
therefoio be useful to investigate tho resistance to be oveicome on a level 
road, so as to deteimuie tho absolute incicase piodueed by a gradient. 

2,07, The lcsistanco to he overcome has three principal elements; 
Friction, Atmospheie, and Concussion, 

The first resistance is that of the Friction pioper of the wheels and 
axles. It is constant at all velocities, and amounts in the best constiucted 
cairiages, to G Ills, per ton weight of train. 

The second resistance is that of tlie Atr. It is considered to be pro¬ 
portional to the surface of the front of the train, and to the squaio of the 
volocity. It equals the weight of a column of air, whose base is the front¬ 
age of the tiain, and whose length is the height due to tho velocity. This 
weight for each squaie foot of frontage, and for a velocity of one mile per 
hour, equals 0 0027 lbs., or lb. Foi tho usual fiontage of 80 square 
feet, it is therefore one-fifth of a pound at one mile per hour. 

The thiid, or residual resistance, is probably due to the unavoidable 
concussions , oscillations, Ilexmes, imbedding of wheels in mil, fiictionof 
air against sides, &c. It may bo hereafter decomposed into various ele¬ 
ments, hut is now taken as proportional to the weight of tho train and the 
velocity, and as being equal to lb. for each ton of train, at one mile 
per hour ; whence the following formula is derived :— 
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Let T, denote the weight of the train, m tons. 

V, its 'velocity, in milea an hour. 

A, its men of fiontngc, in squaio feet. 

13, its volume, m cubic feet j then 

r v~l V s A 

icsistance m lbs, = I G + — I T -|- ; or 

= r fi + zi 

L ^15J + 50000 

The above foimula lias been leafed by Mr. Scott Bussell and Mr. 
lVyndhani Harding, chiefly for passenger trams of fiom 20 to G4 tons, 
and at speeds from 30 to 60 miles per hour. At lowci velocities, its 
results somewhat exceed those of the experiments. 

Tlie following table shows the Kosistanees to tiains of diffeicnt weights, 
and at different velocities, as given both by actual experiments and by the 
above foimula: the frontage being GO square feet. 
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The above being the resistance to he overcome on a level, the lesistance 
on a giadient is ecpial to that on the level + that of giavity due to the 
ascent, which is such a part of the whole load, as the height of the ascent 
is of its length. 

Let then, f = resistance (in lbs. per ton) on a level. 

h = ascent in feet per mile; and = inclination. 

ij~ X 2240 = — =■ resistance per ton of gravity. 

/ -j- = total resistance on the inclination. 

The power required to overcome this resistance will be discussed further 
on. 

208. In the early days of railway making greater importance was at- 
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tached to the question of gradients than is now the case ; and in Prance 
even as late as in 1846, Mr. Locke had gloat difficulty in persuading the 
authorities to tolerate inclines of a liso ol'l in 126; but upon the Birmiiw- 

i to 

ham and Gloucester lino, the Lickey incline, with a gradient of 1 m 37 
lias been for years m successful work; and 111 the passage of the Sttinenng, 
on the Vienna and 1’iieste railway, the inclines are sometimes earned for 
great distances, at the rate of 1 in 40, and the radii admitted iu the 
cuires upon the level paits are often not more than 623 feet, whilst upon 
the inclines of 1 in 40 they are still occasionally of only 034 feet; the 
length of the aics in the latter cases does not exceed 1,300 feet m louud 
numbers. Of course the speed over lines with inclines of so screie a 
nature cannot be gieat, but the introduction of me expansion gear into 
the locomotive has so much iucieasecl what may be called the elasticity 
of its poweis, that at the present clay an incline of 1 in 100 would not he 
regarded as unfavorable, and the foimcr limit of 1 m 200 would not he a 
matter of a moment’s hesitation. 

The giadieuts cm Indian lines arc generally very light, the greater part 
of the country being very flat. On the Punjab railway the maximum 
ruling gradient was defined to bo 1 in 1 , 000 , the only exception being at 
tlic approaches of two of the bridges. As a contrast there is a gradient 
of 1 in 37 on the Rhone Ghat Incline (Gieat Indian Peninsular Rail¬ 
way). 

309. Curves .—The importance of curves in the case of a Railway is 
much greater than in that of a road, as will be explained further on in the 
chapter on Permanent "Way. In laying them out, one or other of the 
methods may be adopted which have already been explained in the Section 
on Roads. Curves of 800 feet radius are often resorted to when on ac¬ 
count of the approach to a station, the speed of a train must he slackened; 
but it is hardly safe to admit them of a less radius than about ^ mile on 
the ordinary parts of the line. 

As curvature of the lino increase the resistance of trains and the danger 
of jumping off the line at high speeds, it is advisable to avoid very sharp 
curves on. steep gradients, and on parts of the line where the speed is to 
be very high. 

Where sharp curves necessarily occur in the course of a steep ascent 
it is advisable, instead of adopting an uniform gradient, to make it slightly 
steeper on the straight parts of the lino, and slightly flatter on the curved 
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parts, in Older that the resistance of an ascending train roay be as nearly 
os possible unifoim. 

Both engines and carriages are adapted on Ameiican lines to sharp 
curres by means of the “ bogey,” a small four-wheel-truck, with its wheels 
as close together as possible, capable of turning about a pivot into various 
positions relatively to the carriage or engine which it supports, and having 
aplatfoim on which the carriage is supported by rollers. A long passen¬ 
ger cairiage is suppoited on two bogeys, one near each end; a locomotive 
engine has one bogey under the leading end, the after end being supported 
on one or two pails of driving wheels. By the aid of these contrivances 
engines and carnages are enabled to pass round curves of ladii as small as 
31 chains (231 feet). 

On the Bhorc Ghat Incline, mentioned above, the sharpest curve has a 
radius of 15 chains on an incline of 1 in 75. 



CHAPTER XL. 

FORMATION OF ROAD WAY—TUNNELS—CROSS SIN GS— 

FENCING. 

310, Tnu Excavations on railways are often of much greater depths 
than arc ever necessary on common roads, the extra expense being amply 
repaid by the advantages of the easier grades and straigliter lines thereby 
attained. The thorough drainage of these excavations by ditches, cross- 
drains, &c., is of the highest importance. Their sides often need to be 
supported by retaining walls, iu order to make steeper slopes possible, and 
thus to lessen their top width, when they pass through valuable ground. 
Sometimes those retaining walls are supported by iron beams, or flat 
arches, extending across the railway at a sufficient height to clear tbs 
engines. 

The Embankments of railways demand the use of every possible precau¬ 
tion to ensure their solidity ; not only on account of their size, hut because 
the vibrations imparted to them by the passing trains, greatly increase their 
tendency to slip. The expense and time required to form them in layers, 
often forbid the adoption of that method. They are usually constructed 
by raising them to their full height at one end, and so carrying them on¬ 
ward. Temporary rails are laid along the bank ancl extended with it, and 
on them wagons, containing each about 3 cubic yards, are drawn by 
horses, or by locomotive engines, if the distance, or “ load,” bo great. 

The tops of the embankments, ancl the bottoms of the excavations, are 
brought to a height called the “ Formation level,” about 2 feet below 
the intended level of the rails, and there shaped with a fall from the mid¬ 
dle to each side, as in common roads, in order to drain off the water which 
falls upon them. 

The rules for the laying out, calculation and actual construction of Cut¬ 
tings and Embankments will be found in the Sections on Eabtiiwobk and 
Roads, and need not he repeated here. 
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oji, Instead of metalling, Ballast is employed on the top of the form¬ 
ation surface, in which the sleepers are imbedded which carry the chairs 
and mils. The use of this ballast is to protect the formation smlace—to 
keep it dry—and to act as a firm, but not rigid, bed for the permanent 
tray. In England gravel is usually employed, sometimes chalk. In India, 
knnkur where prociu able, or broken stone or roree (broken brick). Sand 
has also been employed with success where other material was not available. 

The ballast is put on to a total depth of about IS inches or 2 feet; 12 
inches are usually first laid down, the sleepers are then laid on at proper 
intervals and the ballast properly and carefully lmnd-packed all round and 
under them, 

212. The following was the specification for the ballast laid down on 
the Jubbulpore Bailway:— 

The ballast will consist of hnul broken stone, clean gravel, clean lennkur or bard 
nell-buint clay j or of well-burnt biokcn biicks, or other nppiovecl material of equally 
good quality. 

The ballast is to be broken to such a size as will pass in nil dueetions tlnougk a 
ring 2J mokes in diameter. 

The poitiou of ballast immediafely on the formation, at the disciotion of the Engi¬ 
neer, may consist of coarsely broken stone or other bpocified material. 

Thcic will be about ICS,400 cubic toot oi ballast icquircd per mile for a single line, 
nith an additional allowance for sidings and metalling. 

213. The roadway is often made for a single line only at first, but 
ground is taken sufficient in width for a double line hereafter if required ; 
spare ground should also he taken on one or both sides for depositing- 
materials for the repairs of the line as in the case of a road. The width 
to be so taken must depend on tlic price of the land, as if too dear it can 
be dispensed with. 

The width' required for stations, workshops, or other buildings, should 
be carefully calculated beforehand and applied for at the same time as the 
land required for the roadway. It is better to apply for too much than 
too little, as the making of tiro railway is sure to raise the price of the ad¬ 
joining land, so that if applied for afterwards the cost might be excessive, 
while if too much had been taken up, it might be sold at a profit. 

214 . The Breadth of Formation or Base depends upon the gauge, 
or clear distance between the rails of a track, the number of tracks, the 
clear space between them, the clear space left outside of them for projection 
of carriages and for men on foot, and the additional space required for the 
slopes of the ballast, the side drains, &c. The following are examples:— 

VOL, II. 2 u 
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FORMATION OF ROADWAY- 


Niuimv Indian 

Single Line Gm, e° Qnugs 

Tt In Ft In 

Clear space outside of l ml, .. ..40 40 

Head of rail, .0 2J 0 2J 

Gauge, .. .. .. -. -- .. •• i 8 J 56 

Hoad of lail, .0 24 0 2$ 

Cleai space outside of rail, .. .. .. ..40 40 


Least bieadth of top of ballast, and least width ) 
admissible toi aiciiways, &c, tiaveisod by the v 13 li 13 11 
lailway, .. .. .. .. - - ) 

Spaces foi slopes of ballast, and benches beyond I fiotn 3 101) 

them on embankments, .. .. | to 8 10 j j 1 


Total bieadth of top of embankments, .. j 22 0 } 13 0 

Double Line 


Clear space outside ol lail, .. .. «. . 

4 

0 

4 

0 

Head of rail,.. 

0 

21 

0 

24 

Gauge, .. .. 

4 

84 

O 

6 

Head of mil, 

0 

24 

0 

24 

Middle space (called Hie “six feel"), .. 

6 

0 

6 

0 

Head of 1 ail, 

0 

24 

0 

24 

Gauge,.. 

4 

84 

5 

6 

Head of rail, 

0 

2.1 

0 

24 

Cleai space outside of mil, . 

4 

0 

4 

0 

Least breadth of top of ballast, and least \\ldthadmis-) 
stole for aiehivays, &c , tiaveisod by the mihvay, J 

21 

3 

25 10 


Spaces for slopes of ballast aud ticnches boyoiul | fiom 3 9 / 
them, on embankments, .. .. .. { to 8 !) f 


Total bieadth of top of embankments, .. | ^^3 q | 31 0 

Cuttings aie sometimes made of a width at the fonnation level equal to 
that of the embankments on the same line; in other cases they hare an 
additional width given to them, to allow space foi the side diains 

315. Tunnels —In consequence of the easy gradients lequued for Hall¬ 
ways as compared with loads, the depth of cutting is often very great aud 
when that depth mcieases beyond a certain maximum (usually about CO 
feet) it is moie economical to lisoit to a tunnel. 

The natuie of the stiata thiough which a proposed tunnel is to pass 
should be carefully ascertained, not only by means of boiings and shafts, 
but in some cases also by means of honzontal mines 01 dnfts , along the 
intended course of the tunnel. 

The moat favorable material foi tunneling is 100 k that is sound and 
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durable without being very hard. Great baldness of the material increases 
the time anil cost of tunneling, but gives lisc to no special difficulty. A 
vorse class of mateiials consists of those which decay and soften by the 
action of air and moisture, as some clays do; and the worst are those 
which aie constantly soft and saturated with water, such as quicksand and 
mud. 

In choosing the site of a tunnel, regard should be had, not only to the 
nature of the material and to the shortness and directness of the tunnel, 
but to the facility for getting access to its course at intermediate points by 
means of shafts and diifts. 

The Engineer should, as far ns possible, avoid curved tunnels, especiady 
those in which the curvature is so sharp or so extensive ns to prevent day¬ 
light from being seen through fiom end to end. 

Tunnels made in 100 k that is so sound as not to reqniie a lining of ma- 
somy or biiek-work to prevent pieces of it from falling in, may be made, 
if the rock is igneous, of almost any shape that is most convenient for the 
traffic. The olliptieal or horse-shoe foim is, however, generally adopted 
for the sides and top, the floor being level. In stratified rocks, the strong¬ 
est form for the roof is that of a pointed arch; though a flat roof lias been 
nsed wlieie the rock consists of thick layers, and has few natural joints. 

In oidinary tunnels, measured within the masonry or biiek work, the 
dimensions of most common occurrence are— 

Height. Width 

Foi singlo lines of lnilwny, 20 ft. 15 ft. 

Foi doable lme of lailwny, 2*1 ft. fiom 21 ft. to 30 ft. 

Shafts or pits are sunk for three purposes; to ascertain the nature of 
strata to be excavated, when they are called trial shafts ; to give accesB to 
a tunnel when in progress for the purposes of cairying on the work, remov¬ 
ing the materal excavated, admitting fresh and discharging foul air, and 
pumping out water, when they are called ivoi Icing shafts; to admit light 
and fresh air at intervals to, and remove foul air from, a tunnel when com¬ 
pleted, when they are called permanent shafts. 

316. Trial Shafts are in general sunk at or near the centre line of the 
proposed tunnel. Their transverse dimensions are fixed mainly with a view 
to convenience in sinking them. Six feet is an ordinary diameter for a 
round trail shaft; 6 feet by 4 are ordinary dimensions for rectangular 
shafts. The shape is regulated by the material to be used in lining the 
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shaft, being rectangular iti timbered shafts, and cylindrical in those that 
are steined m lined with stone or hi iclc 

The number and distance apart of trial shafts arc to be determined after 
previous boring, no general rule can ho laid down on the subject; but tlw 
Engineer must, to the best of liis judgment, sink such shafts as are neces- 
saiy in older to give him an accurate knowledge of the strata to be ex¬ 
cavated. 

Worlcmq Shafts may be either rectangular or round Their usual 
transverse dimensions range from G to 9 feet; the grcatei diameter « 
advantageous, because of its admitting of laige quantities of material being 
raised and lowered at a time. Their distance apait varies, in oidinaiy case*, 
from 50 to 300 yards. In some cases, however, it lias been found necessary 
to place them as close as 20 or 30 yaids apart, for the pmpose of discharg¬ 
ing foul air; while in other cases the height of tlio lidgo to he tunneled 
through has rendored tho sinking of shafts impracticable for veiy long dis¬ 
tances. An extreme example of the last case is the tunnel now in piogress 
through Mont Genis, which, when completo, will ho eight miles long, and 
which must be excavated entirely from tho two ends, without the aid of 
shafts. 

The range of working shafts of a tunnel may lie cither along its centre 
line, or in a line parallel to the centre line, at an uniform distance to one 
side. When the latter system is adopted, the object is to keep the shafts 
clear of the excavation and building of the tunnel, with which they are 
connected by cross drifts, or headings. 

Permanent Shafts are in general working shafts that have been made 
peimanent parts of the structure; the brick lining of each being supported 
on a permanent curl) or suitably formed ling of brickwork, or of cast-iron, 
surrounding a circular orifice in the roof of the tunnel. The top of each 
shaft is protected by being surrounded with a wall, and covered with a 
grating. 

Tunnels in dry and solid rock are generally excavated by driving a head¬ 
ing immediately below the intended roof of tho tunnel, from which heading 
the excavation is extended sideways and downwards by blasting and 
quarrying. 

Drifts or Headings are small mines or galleries driven along the line of 
the tunnel to explore the strata, drain off water, or remove the stuff ex¬ 
cavated. The least dimensions of a heading in which miners can work arc 
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g feet wide, and 4^- foot high. If the soil is loose the sides aud xoof of the 
mine must be suppoitcd by a tiinbei fiamc-woik. 

3 J 7 , The following data, oil the authorily of Becker, show the distii- 
bution pel cent of the cost of excavating a lailway tunnel in Jura lime¬ 
stone, which leqnned 1*15 days' woik of a niinci to excavate each cubic 
yard:— 


\Yoilvitmn’s Tt ages ... 

... 

... 

.. 4.1 pel cent 

Blaming powdci, 



... 15 „ 

Fuses, ... 

... 

... 

... 3 „ 

Lump oil, ... ... 

... 

... 

- 8 „ 

Boling tools, 


... 

•• 2<J „ 

100 


Tins tunnel aih anced at the rate of about a foot per day. 

Tunnels in soft mutoiinls, whether such as axe soft fiom the first, or 
such as become sofL by cxpohiuo to aii and moistmc, like some kinds of 
clay, icrpure tunbeiing to suppoit the sides anil top of the excavation, and 
to be lined with lnickwoik to prevent their falling in. 

The bottom of the excavation is foimod with gioat acemaey to receive 
the invoit, or mveitcd arch, which foims the base of the lnickwoik. The 
invert aud side walls are built aceouling to moulds, and the aick of the loof 
upon centies, consisting of throe libs under each longlh. The best centres 
have libs of iion, with screws under each laggin. The centres aic usually 
supported on cross sills, which are themselves supported partly by posts 
resting on the floor, and partly by llieir ends being inseited into holes in 
the side walls which are built up after the centies are struck. 

After the biick-woik of length has been built, most of the crown bars 
winch lie above the arch can bo pulled foiwaul so as to seive foi tbe next 
length; those which resist this must be left. All spaces between the 
brickwork and the eaith must be carefully rammed up. 



The labor of executing brickwork in tunnels (including cost of lights) is 
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23 S 


about double 
ground. 



that of executing tlie same quality of brickwork above 


The figure shows a section of an elliptical tun¬ 
nel with an inverted arch ECE at the floor. The 
parts FG, GF, of the base, which directly bear 
the side wall and their load, are horizontal. 0 ia 
the centre of the ellipse EBABE, BB the minor 
axis, AOC about three-fourths of the major axis, 
The fallowing was the distribution of the cost 
according to Mr. Simms : — 

Materials. 




Per cent. 

Bucks, ... 


801 

Cement, 


11 

Timber, 


Hi 

lion Works,... 


21 

Miscellaneous, 


Cl 



• - 62 

LABOR. 



Mining—-Shafts,heading, &c.,... 

... 

31 

„ Tunneling', 

... 

m 


Brickwork, ... 


19 

12 


Miscellaneous Expenses. 


Such as tunnel entrances, culvert machinery, build¬ 
ings, inspections, &c,, ... ... ... 7 

100 

The total cost per yard forward was about £72 ; the clear dimensions of 
the tunnel being 24 feet X 24 feet, and the brickwork from 1 foot 10| 
inches to 3 feet thick. 

218 . The Monghyr tunnel, the only tunnel on the East Indian Bailway 
between Calcutta and Delhi (1,025 miles) is 900 feet in length, on a rising 
gradient of 1 in 500 up to within 75 feet of the west face where the 
gradient jails 1 in 500. The dimensions within the brickwork are, from 
rails to soffit 23 feet, and width 26 feet. The tunnel passes through an 
outlying ridge of the Vindhya range of hills exhibiting the junction of the 
quartz and clay slate. On the east side of the hill, the tunnel has to he 
cut through clay slate upheaved and contorted, and on the west side through 
quartz rock. The whole of the tunnel is lined with brickwork, in couse- 
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quencc of the nature of the rock and the quantify of Avater percolating 
through fissures, &c., in the roof. The work was carried on at both ends 
by a top heading. 

On the Bhore Ghat Incline, 13 miles long, there are no less than 26 
tunnels of a total length of 3,987 yards, of which 412 yards are artificially 
lined with stone. 

319 , Hanging and Setting-out Tunnels— The centre line of a tunnel 
having been at first ranged on the surface of the ground, a row of shafts 
are sunk in convenient positions along that line. 

In order to lange the line below ground, it is necessary to have two 
marks in the centre line at the bottom of each shaft, as far asunder as pos¬ 
sible, to enable that line to be prolonged from the bottom of the shaft in 
both directions. Those marks consist of nails or spikes driven into the 
cross timbers. 

The former practice was to determine the positions of those marks below 
ground, by erecting over the shaft a timber frame, from which two plumb 
lines were suspended, hanging nearly to the bottom of the shaft, and to 
range those plumb-lines by the transit instrument; but as that process is 
difficult or impossible in windy weather, Mr. Simms introduced the fol¬ 
lowing improved methods :—The Engineer ranges, by the transit instru¬ 
ment, two strong stakes in the centre line, above ground, each about 
16 feet from the centre of the shaft, so as to be safe from disturbance 
while the work is in progress. To mark the exact position of the centre 
line, each stake has driven into its head a spike with an eye through its top. 
The eye of each spike is very carefully ranged in the exact centre line, 
being made visible to the observer at the instrument by holding a piece of 
whitepaper behind it. A cord is stretched through the holes in the spikes, 
so as to mark the course of the centre line across the mouth of the shaft. 
At each side of the shaft a plank is laid at right angles to the string, and 
with its edge over-lianging the edge of the shaft 2 or 3 inches, so that a 
plumb-line may hang from it clear of the side of the shaft. Two plumb- 
lines are then hung from the planks, directly under the cord that marks 
the centre lines; and the lower ends of those plumb-lines show two points 
in the centre line at the bottom of the shaft. 

The approximate ranging of the “heading” or “drift; ” or small hori¬ 
zontal mine that connects that lower ends of the shafts, is performed by 
means of candles, each hung from the timber framing in n sort of stirrup. 
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The accurate ranging of the centre line, after the heading has been 
made, is performed by stretching a cord between the marks already ranged 
at the bottom of the shaft and fixing at intervals of 30 or 40 feet 
either small perforated blocks of wood carried by cioss-bars, or stakes wilt 
eyed spikes driven into their heads, so that the holes hr the blocks or 
spikes shall be ranged by the ooid exactly in the centre line. The centre 
line of any part of the tunnel can then be marked at any time when 
required, by stretching a cord through two of those holes. The cross¬ 
bars are fixed in a temporary way to the timber framework of the 
heading so that they can be removed, to leave free passage for men and 
wagons; but their places are so marked that they can be rofixed exactly in 
their proper positions at any time when it is required to range part of the 
line. 

Curves can be set-out below ground by means of a theodolite on a 
short-legged stand, and candles or lamps instead of ranging-poles. In 
this case, the two marks at the bottom of n shaft indicato the diiectionof 
a tangent to the curve at its centre. 

When the lino of shafts does not follow the centre lino of the tunnel, 
but a line parallel to it, a corresponding lino is to he set-ont through the 
heading at the bottom of the shafts ; and from that line the centre line, or 
any given part of the tunnel, can be sot-out by laying down off-sets in the 
transverse headings. 

320. In order to set-out the levels of a tunnel, there should he a bench¬ 
mark above ground, near the mouth of each shaft. When the shaft has 
been sunk, and lined with timber or brickwork, a second benchmark is to 
be made within the shafts and near its top, by driving into the timber or 
brickwork a horse-shoe shaped staple in a horizontal position, the levelling 
staff being held on its upper surface in taking its lovol. 

Some part of the masonry or brickwork of the intended tunnel is taken 
as a standard point by means of which the levels of other points are regu¬ 
lated ; for example, the “ invert skew-back,’’ or joint whore the inverted 
arch forming the bottom of the tunnel meets the sides. That joint being 
at a fixed height above or below the rails, (generally below,) its depth 
below the staple is to bo calculated. That depth is then to be set-off by 
hanging through the staple a chain of rods of the proper length. The rods 
used by Mr. Simms are connected together at the ends by eyes and 
spring-hooks; the length of each rod, from the inside of the oye at one 
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cud to the inside of the hook at the other, is 10 feet. To set off a given 
depth below the staple, the number of rods to he linked together is one 
mote than the number of entile tens of feet in the depth; the odd feet and 
decimals of feet are set off on the uppermost rod by screwing a gland upon 
il at the proper point. Tlio chain of rods is then dropped through the 
staple until the gland, resting on the staplo, prevents them hom passing 
further, and supports the whole chain; a bench-mark, consisting of a flat- 
sided spike driven horizontally into the timbering, or of a stake with a 
round-topped spike in its head, driven vertically into the ground, is then 
adjusted at the bottom of the shaft, so that its upper surface is exactly on 
a level with the bottom of the lowest rod. 

The staple forms a permanent bench-mark, through which the rods can 
be lowered again, whenever it is necessary to make a new bench-mark 
under ground, owing to disturbance of the former bench-mark. This is 
always done after the buck-work 1ms been partly built, in order to mnkc a 
permanent bench-mark, by driving a flat spike into the side of the tunnel. 

331, Grossings and diversions of othei lines of conveyance. When 
the coarse of a railway crosses that of a previously existing line of land- 
carriage, the railway may either bo carried over or under the existing line 
by means of abridge, or across it on the same level, When a canal or a 
river, is to be crossed, tiro railway must be carried either over or under it. 
In order to facilitate such crossings, it may be necessary to alter the level 
or divert the course of existing lines ol conveyance; and in some eases a 
diversion may be required independently of any crossing. The parts of a 
mad whose levels are altered for the purpose of carrying the railway across 
it, are called the appnaches of the crossing. 

Previously existing roads may he crossed on a level when the crossing 
is said to be a Level Crossing; or at a lower level when the bridge carry¬ 
ing the road over the rail is called an Over-bridge, or at a higher level 
when the bridge is called an Under-bridge. 

Level Crossings are always to be avoided if possible, especially in a pop¬ 
ulous district as dangerous. In England they are all bnt prohibited for 
public roads. In a level country, however, they can hardly he avoided 
without great expense and they are numerous on Indian Bailways. They 
should have double gates shutting across the road on both sides of the 
rail, and across tile railway when open, so as to prevent animals straying 
on the line. Self-closing gates are occasionally nsed, but as a rale a gate¬ 
keeper should be provided. 

‘i i 
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Over-bridges should have a clear head room of 15 feet oyer both lines 
of rail and the width of the rail track should not he diminished to less 
than 25 feet; beyond this they will follow the ordinary ndes for r0 ad 
bridges. In dangerous soil, however, special precautions should be taken 
to prevent the vibration of the trains passing below disturbing the founda¬ 
tions ; in such cases ail invert should connect the two abutments so that 
the whole bridge may shake together. 

Under-bridges should have a clear head room of 12 feet, to enable a 
loaded elephant or wagon to pass, and the width should not be less than 
16 feet for a public road. As they have to carry the railway and to stand 
the vibration of trains going over them, they should be made of the very 
best masonry and the depth of the arch should he somewhat greater than 
for a road bridge. lion Girders are now geneially omployed. 

When roads arc diverted to cross the line the approaches should not if 
possible have a steeper inclination than 1 in 30. 

323. Fencing .—On the land being made over to the Railway autkon- 
tise it should be at once maiked off and fenced in. 

Almost all Railways arc fenced on both sides. In a populous country it 
is essential to prevent trespassers on the line and to ensure trains fiom 
accidents by stray cattle. In America however, the lines generally run un¬ 
fenced through thinly populated districts, and on the Lahore and Mooltan 
line the same system was proposed, but 1 believe was overruled. 

The most common descriptions of fence arc the ditch and bank—walls 
of mud or dry stone—tho post and rail—wire fencing of several sorts, and 
various kinds of hedges. In the first kind, the earth dug from the ditch is 
thrown up into a bank, and both should be mado deep or high enough to 
prevent cattle getting over. This kind of fence is easy and cheap to make, 
hut requires constant repair and is generally only a temporary substitute 
for a more permanent sort. If intended to remain, somo plant like the 
cactus should bo planted on the top of the bank. 

Mud walls may be used in the drier parts of India, but they also require 
constant repair; the same may he said for dry stone walls, where the ma¬ 
terials is procurable. 

The post and rail is more effective as an obstacle; unless, however, the 
wood is kyanised or otherwise expensively defended from the attacks of 
insects it is quickly destroyed and is always wanting repair. 

Wire fences are common in England and have been introduced into India. 
The posts may be of wood connected with 4 or 5 wires, about the same 
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thickness as telegraph wire, or tlie standards themselves may be of iron. 
At internals a shaming post is used by which the wires can he tightened 
or slackened. This fence is effectual enough if carefully put up, but is very 
expensive and apt to be stolon. A writer in the Calcutta Engineer’s 
journal leeommends a wire fencing on standards consisting of live trees 
planted at proper intervals apart, and the idea seems a very good one for 
this country. 

The best fence is undoubtedly a quick-set hedge or other evergreen; but 
in India it is ofteii difficult to grow in consequence of the scarcity of water 
and the difficulty of supervision; even under favorable circumstances from 
3 to 5 years are needed before it is strong enough to be a perfect obstacle, 
until which time a temporary fence must be used. 

“The best kind of wooden fencing cut out of timber logs and properly 
tarred over, costa Us. 30 per 100 lineal feet or Es. 3,180 per mile. A 
strong and serviceable iron fence on the other hand composed of wire strand 
with bar iron standards costs in England £206 per mile. Add to this £30 
per mile for freight and insurance to Calcutta or Bombay, and say Es. 400 
per mile for inland transit and erection, there would still he a saving of 
Es. 420 per mile, in favor of the iron fence.”'* 


** Caltutoa. Englucd 1 * Journal. 
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PERMANENT WAY. 

32S, Much discussion has, from the first introduction of Railways, 
taken place as to the best form of Permanent Way, and the practice is 
even now anything but uniform. The first rails were simply bais of flat 
iron supported on wooden blocks, fixed at intervals on the formation 
level. Stona blocks wore then substituted for wood, but have now ge¬ 
nerally been abandoned, as too rigid and inelastic. 

The general qualifications required in any system of permanent way are 
—1st, That it should be fixed so firmly that the gauge, i. e , the distanca 
between the rails shall always he preserved, otherwise the carriages would 
be thrown off the line ; 2nd, That it should preserve a horizontal position 
across the lino (except in the case of curves), otherwise there would be 
danger from the centrifugal force, especially at high speeds, and the 
unequal pressure would injure both engines and carriages; 3rd, That it 
should preserve an even position lengthways, otherwise the carriages would 
proceed in a succession of bumps or jerks, which would cause a loss of 
power from increase of friction, and be highly dangerous to springs and 
axles; 4th, That there should be a certain elasticity in the roadway, where¬ 
by the rigidity of impact between rails and wheels will be avoided, such 
rigidity being dangerous to the axles, and causing much wear and tear; 
5th, That the friction between the wheels and rails should be a minimum 
beyond the amount nocessary to ensure the wheels biting; 5tb, That the 
rails should be strong enough between the points of support to bear with¬ 
out changing form, the greatest weight liable to come upon them. 

At first the plan was tried of fixing the flange on to the rail, but ex¬ 
perience quickly showed that this was inferior to fixing' it on the wheel, 
and the wheel tire and flauge were made in their present form, to allow a 
certain amount of free play. As the carriages employed were heavier and 
the pace faster, the rails were found too weak and accordingly strengthen- 
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eil, but as strength was evidently required in proportion to the distance of 
the rail from its point of support, the jisk-belhed rail was introduced as a 
more economical means of employing the necessary quantity of material. 
At this time, however, cast-iron rails were alone employed as cheaper, but 
it was soon seen that for heavy carriages and increased speed they were too 
brittle to be trusted, and wrought-iron quickly usurped its place. Thence 
the fish-bellied pattern was abandoned as being more difficult to roll, and 
the saving of mateiial not compensating for the extra cost. The double 
■j 1 headed rail was then invented, and has since held its ground pretty 
firmly against all later inventions. We shall therefore describe it here, 
and then give some account of the more important of other descriptions in 
use 

224, The section is shown in tlic figure. The rail is supported on 



cast-iron chairs, which are spiked down to wooden sleepers laid across the 
breadth of the line ; the rails being brought into exact position, and made 
to preserve their true gaugo by wooden keys. Of each of these separate 
parts we may now speak in detail. 

Sleepers are generally made of wood, though sometimes of iron; they 
are usually rectangular in section, about 9 or 10 by 6 or 7 inches, and 
long enough for both rails to rest on with something over on each side, 
say 9 feet for Indian Railways, where the gauge is 64 feet. Triangular 
sections have been used with the base upwards; or a semi-circular section 
with the flat side up, two sleepers being sawn out of each round log. 
Both these are commonly employod for temporary lines, or in places where 
timber is dear, and where a cheap line is desired with low speeds. 

The sleepers are placed from. 2| to 4 feet apart, the distance being les¬ 
sened as the gauge and weight of engines increase, or the strength of the 
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rail diminishes. They should be laid carefully in the ballast, which should 
be hand packed under and around them, and which generally just covers 
the upper mu face of the sleeper. 

Various lands of wood are used for sleepeis in different countries; the 
timber should be heavy, tough, and impervious to heat and damp, or the 
attacks of insects, and the wood which has the most of these qualities is of 
course the best, but economy has to be duly considered in making the 
choice, and this often obliges us to use infeiior woods for tkepmpose. 
English sleepers are usually of Scotch or Riga fir, or Swedish or Memel 
pine. In India, teak, saul, and deodar are the woods which have chiefly 
been employed. The wood should ba thoroughly seasoned, and if possible 
kyanized. It is a fact, however, that when once trains arc running, sleep¬ 
ers are rarely attacked by white ants, the vibration of the liains probably 
destroying them before they can make a permanent lodgment. 

Oil the Sind Railway, among the kinds of wood used for bleepeis, the 
deodar was found to be tlio cheapest; and when steeped in sulphate of 
copper or Burnettizing solution, very durable. English creosoted pine 
stood well, except that, owing to the extreme dryness of the climate, it 
was liable to twist and split, and in the latter case became exposed to the 
attacks of white ants. The cost of tlie deodar, delivered at Kotiee was 
Rs. 8 per sleeper; that of creosoted pine, Rs, d-7 (8s. llcl.) delivciedin 
Kmracliee. The cost of Burnettizing at lvotree was 3 annas per sleeper, 
and this was found superior to tlie sulphate of copper pirocess, inasmuch 
as wood prepared with the latter rapidly corroded nails or spikes driven 
into it. 

Chairs .—On the wooden sleepers are fixed the Chairs, by means of two 
wrought-iron spikes, driven vertically through the sleeper, each of which 
carries two chairs one for each rail. The chairs are made of cast-iron, and 
weigh about 20 Bis. each. The upper part of the chair receives the rail, 
which, as above said, is fixed tightly to it by means of the wooden Keys 
or wedges. These should be of oak, or other hard-wood; those employed 
in India are English made, and the wood is compressed by powerful ma¬ 
chinery. By striking these keys with mallets, the line is kept in accurate 
gauge, and it is the duty of the inspectors, after the line is opened for 
traffic, to have the length under their charge constantly measured to see 
that the gauge is accurately preserved. 

225. Rails. —These are made usually in lengths of about 20 feet, and are 
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Utted on to the cliahs in the manner above described Where two rails 
unite, what is called a fish-plate, is used to connect them, which is simply a 
piece of bar iron, about 2 feet long, laid sideways and fixed to both rails by 
four screws and nuts. 

The double-headed rail is in effect a small girder, but one intention in 
giving it originally its present form was, that when the upper head was 
trom out by the traffic, the rail should bo turned upside down, though I 
am not aware that this lias ever actually been done on any Ime. 

Eads are or should be made of the best and toughest iron, rolled very 
carefully in the rolling mill; they are subject to abrasion of the upper sur¬ 
face fiovn the wear and tear of traffic, and fiom lamination, i. a., a ten- 
dancy to split off in layeib from the continual pressuio of the wheels. 
Their weight per lineal yaul, i. e., the actual mea of their cross section, 
depends on the nature and amount of tiaffic which they are to carry. 
Those on tlie East Indian Hallway, weight about 84 lbs., which is rather 
above the average weight in England. On the Punjab Railway the weight 
is only GO lbs., the amount of tiaffic not being likely to be heavy. Theoret¬ 
ically, as before stated, the section should he strong enough to prevent 
any possible change of form from the heaviest trains limning over it, 
with an ample margin of safety and allowance for abrasion. The speed 
as well as the weight of the trains is also to be taken into account in prac¬ 
tice, and though iLs effect upon the rail cannot he theoretically calculated, it 
seems geneially admitted that it should be caied for. Supposing tlie 
points of support for tlie rails (z. e , tlie chairs and sleepers) to be 3 
feet apart, the heaviest weight they would Iiavo to hear would be when the 
driving wheels of the largest locomotive m use were resting on them, which 
would be equivalent to a weight of about 10 tons on tlie pair of rails, or 5 
tons on one acting at the middle of the rail, equivalent to double that 
weight uuiformly distributed. Considering the rail then as a girder, the 
strain on the lower flange = S = = (making the depth cl = 

5 inches) = 10 tons nearly, and taking the safe strain as 4 tons per square 
inch, the sectional area of either flange of the rail should not be less than 

squaie inches, or of the whole rail, about 7 square inches. It is gene¬ 
rally much moie. 

As a general rule, it may bo stated that the weight of a yard of rail, if 
supported at intervals , should da 15 lbs. for each ton of the greatest load on 
one driving wheel When the bearing is continuous, about five-sixths of 
that weight are sufficient. 
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The Permanent Way in use on the East Indian Railway, is foiraed of j 
double-headed rail, 84 lbs. to the yard, mostly in lengths of 20 feet. Su 
sleepers are used to each 20 feet length, being placed 3 feet G inches from 
centre to centre, except at the ends, where the bearing is 2 feet 6 inches 
from centre to centre of chair'. The chairs used weigh 22 lbs. The gauge 
is 5 feet G inches, which is the gauge of all the Indian lines. On a por¬ 
tion of the Madras line, the same heavy rails as on the East Indian were 
used; on another portion, however, the road is laid with rails weighing 
only G5 ibs. to the yard, seven sleepers being used to a length of 2ft 
feet. On the Madras line a plan was resorted to, which had been long 
since abandoned in England, of using granite blocks instead of sleepers; 
bat, as might have been expected, their rise was soon given up, owing 
to the blocks fracturing and the road being rendered rigid. 

The following is the specification for the Jnbbulpore Branch of the 
E. 1. Railway now under construction :— 

The weight of the permanent wny is estimated to be as follows, per mile 
115 tons rails of 73 lbs. to the yard. 

Maximum length of a tail, 24 feet. 

33 tons chairs 2-1'5 llm. each. 

5 tons fishes. 

3 tons spikes, in cases of about 5 cwt. 
li tons holts and nuts, iu eases of about 0 cwt, 

1 i tons of keys, in casks. 

The sleepers generally will be of Indian woods, 10 feet long and 12 inches by 6 
inches in section, not exceeding 1,700 to tho mile, and averaging about 2-tU tons 
weight to the mile i hut should it lie found impossible to obtain a sufficient supply of 
native sleepers for tho lino between Allahabad and Myhoio, ereosoted fir sleepera, 
weighing 142 tons, or Gl'cnvc’s bowl sleepers, weighing 142 tons per mile, will be 
provided. 

In laying rails, tho allow ancc for tlic elongation produced by summer 
heat must bo very carefully made. In a 15 feet rail, the difference of 
length for an increase of 7G° Fahr. will bo about T \th of an inch; but at 
the same time that provision must be made for the free expansion of the 
rails, they must not bo laid with so open a joint as to give rise to concus¬ 
sions. It is usual, also, to give a slight inclination to the upper surface 
of the rails, inclining inward about 1 in 30, for the purpose of giving a 
better bearing to the conical surfaces of the wheels. Upon level crossings, 
very sharp curves, viaducts, or bridges, it i? usual to fasten counter-rails; 
but they have so often proved sources of danger, through their indepen¬ 
dent movements, that these counter-rails are never placed unless under 
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very exceptional circumstances. On level crossings tliey are necessary in 
order to protect the rails from tire shocks of passing wagons. 

Fractures of the rails occur on changes of temperature, and chairs are 
frequently broken when wedged up too tightly. Great care is therefore 
required in the inspection of the rails at those seasons; and it is worthy 
of remark, that there is a marked tendency of the mils to displace them¬ 
selves in the direction of the movement of the trains, especially on inclines 
and near the stations. In some cases, every 10th or 20th rail is notched 
upon its chairs, in order to resist the tendency to this land of displacement. 

The following were the directions to the contractor for laying the per¬ 
manent way on the Jubbulpore lino:— 

The centic line of flic railway will he marked out by the Engineers, and stakes 
driven at proper intervals, giving' bolli flic line and level of the rails. 

The sleeper's are to ho pieparoil for the inception of the chairs by planing the seats 
foi the chans for tlio whole breadth of tlio sleepers, end not less than 18 inches in 
length for each chair. Tlio surface to be dressed smooth, level, and brought out of 
winding by moans of gauges piopnrod for that purpose. 

The joiut sleepers aiul their cluiirs tire to he fii st laid down, and the rails fished 
and laid in their places exactly parallel and level, and to the right gauge. The in¬ 
termediate chairs having hecu previously slipped on to the mils the intermediate 
slcepcis are then to ho brought into thoii piopor position, the chairs lcoj-ed on to 
the lails at the exact distance required, holes hored in the sleepers with the self- 
adjusting gunid auger, and fliu spikes carefully and firmly driven and fixed, t 
There will he an average of about 1,700 sleepers laid in every mile of the railway, 
hut plans will ho furnished to tlio contractor showing their exact distance apait from 
centre to centre, and other necessary details. 

The sleepers unci rails aro to bo laid to the proper height at first, and no raising or 
lifting through the ballast will bo permitted. 

It necessary the cuds of tlio rails aro to bo cut or filed true and square, and, in lay¬ 
ing, all the joints must bo left wide enough to allow for expansion. 

220i Permanent Way on Curves .—In order to diminish the danger as 
far as possible of the carriages leaving the rails, it is usual in order to 
countoraot the centrifugal force to give a transverse slope to the surface of 
the rails of a curve, technically termed the cant. 

Let v be the velocity of a tram in feet per second, moving round a curye 
of the radius r in feet, then, its centrifugal force hears to its weight the pro¬ 
portion of 



and this is the ratio which the cant, or elevation of the outer above the 
inner rails, must bear to the gauge, or transverse distance botween the rails. 
If V be tho speed in miles an hour, 

VOL. it. 2 K 
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cant for centrifugal force =r gauge x 13 nearly. 

One-half of the cant should he given by raising the outer rail above the 
level of the centre line, the other half by depressing the inner rail. It 13 
impossible to adjust the cant alike for all speeds ; but it is best to adapt it 
nearly to the highest speed of ordinary occurrence on the line. 

For example, suppose that speed to be 40 miles an hour; then the 
values of the cant for the centrifugal foice, in inches are as follows, for 
different gauges:— 

Gauge. Cant for ccntiifngal foiee, in inches. 

4 feet 8 J inches. 6,000 radius in feet. 

5 „ G _ „ 7,040 -f- 

A very common elevation of the outer rails, on curves of 1,000 yards 
radius (and this seems to he the minimum radius which should he allowed 
in railways upon which ordinary express speeds, are attained) is about 2 
inches; and in curves near stations, of 500 yards radius, the elevation 
becomes about 2 ] inches. 

Besides the dang er from centrifugal force there is also a loss of power 
in passing round a curve, which is chiefly owing to the wheels on the outer 
rail of the curve having a larger arc to movo over than those on the inner 
rail, whereby the resistance of the latter is greatly increased. To lessen 
this resistance, the wheels aro made conical with their inner diameters 
greater than the outer, so that on curves tlio outer wheels run on their 
greater diameter and the inner ones on the less. This arrangement has, 
however, the disadvantage of increasing the oscillation of the carriages on 
straight linos. 

2Z7, Having now considered the details of the most usual form of 
permanent way, we may consider one or two of the more important vari¬ 
ation from the common practice. The first of these is the kind employed 
by Brunei for the Great Western Railway. 

The gauge of this line was made 7 feet, instead of the ordinary one of 
4 feet 85 inches, which of course involved heavier carriages, and there¬ 
fore a greater weight to be borne by each rail. It 
was therefore resolved to support each rail aloDg its 
whole length by sleepers fixed longitudinally instead 
of across. A rail weighing 72 lbs. to the yard was 
used, of the section shown in the figure, and was spiked down to the sleep¬ 
er-, without the intervention of chairs. 
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The great objection to their use lies, in the necessity they involve for a 
veiy expensive timber substructure, which is liable to rapid decay, and to 
frequent deformations by the warping of the wood, or by the expansion of 
the rails. Practically, then, although the system of continuous bearings 
produces a road of a very pleasant description for the traveller, so long at 
least as it is in order, it is found to be of so costly a maintenance that it is 
rarely nsecl in England, unless when the roadway has to be carried over 
viaducts, budges, or other works, where the percussion upon the interme¬ 
diate bearings might become injurious. 

For b'ght or temporary Railways, flut-lottomod or foot, or single headed 



Rails are used, weighing only 00 or 40 lbs. to the yard. 
This kind is boing used by the Indian Branch Railway Com¬ 
pany in the lines now under construction, the speed on which 
is not to exceed twelve miles an hour, the gauge being only 


4 feet. 


The expense of Kyanising or Bnrncttizing wood, and the perishable 
nature of the material, even when so prepared, has led to the partial in¬ 
troduction of iron sleepers both in India and elsewhere. The objection 
hitherto made to them (besides their expense) has been the too great 
rigidity of the roadway thus formed, but of late years opinion seems to 
have altered on this point, On the Egyptian Railway they are in use, 
laid in sand-ballast, and are said to answer well, and a large number of 
Greave’s patent have lately been sent out for the Punjab line. These 
consist of a combined cast-iron hollow block and chair in a single casting, 
the rails being fixed in the usual manner, and the gauge preserved by ties 
to each set of sleepers, as shown in the figure. 



The cost of Greave’s iron pot sleepers per mile on the Punjab Railway, 
as compared with wooden sleepier*, is shown below:— 
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Cost of sleepers per mile on a line of single Railway— £ 


Gieavo'a non pot, 

.1,500 

Creosotcd fir from England, ... 

.1,372 

Creosote! Indian woods, 

. 1,101 

Sal, . 

.1,085 

Buunesc iron-wood. 

. 3,532 

„ teak. 

.1,532 

West Australian, jamah, 

. 1,372 


There appears to be some difference of opinion amongst Engineers as to 
the efficiency of this kind of permanent way. If the howls are not laid 
in ballast of a soft and yielding nature like sand, they are apt to ho broken 
by the concussion of passing trains. But on the whole they seem well 
adapted for Indian use especially at moderate speeds, while the indes¬ 
tructible nature of their material makes them, far preferable to a line kid 
with wooden sleepers. 

Cast-iron sleepers wore experimentally used for a length of about 17 
miles on the East Indian Railway; they were found to make such a rigid 
and bad road, that they had to be removed, and wooden sleepers substitu¬ 
ted. The Chief Engineer then suggested the trial of a road entirely of 
wrought-iron, and Government sanction was ohlained for an experimental 
length on one mile. This mile was laid down on the main line near Howrah, 
but with what result has not yet been published. The road is an ordinary 
bridge or foot rail on a longitudinal wrought-iron bearing, designed and 
patented by the Chief Engineer in 1859—and if it has proved successful, 
will probably be used for tlio doubling of the line. 

338. Tho following is a description of this Permanent Way patented 
by Mr. Sibley:— 

The wrought-iron road consists of a lower continuous bearing, formed 
by two angle-irons 5| x 5^ in 20 feet lengths bolted together, breaking 
joint at half the length, and carrying a bridge rail bolted to tho angle-iron 
longitudinals with J inch hard wood packing intervening. Tho cross 
transoms or ties being placed at 10 feet intervals, also formed of angle- 
iron, and bovilled at the end to give the necessary tilt to tho rail. 

Eive miles of this road have been down for tho last two years on the E, 
I. Railway, and arc said to have answered well. The cost is not more thnu 
that of the wooden sleeper road. 

The advantages of this road are first , that it contains no perishable parts 
except the hard wood packing, a trifle in itself, which can bo re-placed 
without disturbing the road. 
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Secondly, its great strength and stiffness, forming as it does a beam 9 
inches deep, and 11 inches broad. 

Thirdly, its great hold of the ballast, the central web being 5J inches 
deep, which keeps it firmly in line even in curves. 

Foutthly, the facility afforded for packing without opening out the 
road as is necessary with the sleeper road; and 
Fifthly, the diminished depth of ballast required, owing to the bearing 
surface being only 3 inches below rails * 

A few years ago, a patent was taken out in India, by Mr. Butter, 
for what lie called the longitudinal block sleeper road, in which blocks of 
wood weie shaped to receive the lail, and in which it was imbedded. The 
blocks were in pairs of any length, and weie bolted together underneath the 
rail; the gauge was maintained by transverse tie-bars. This plan would 
perhaps be cheaper in India than the cross-sleeper road, but it has still the 
advantage of requiring timber. Mr. Rutter’s invention is very similai to a 
plan pioposcd by Mr. W. Bridges Adams, in which a double-headed lail 
was enclosed in two longitudinal bulks of timber, which were tightly bolted 
below the in.il. This system was tiied on the Hoith London and Eastern 
Counties line, and found to answer admiiably. It was at one lime pro¬ 
posed to iulioduce it on the Bombay and Baroda line. 

229. Before proceeding further, the question of Gauge may be 
noticed; which, as explained already, means the clear interval between 
each pair of rails; the length of which is an important matter, as on it 
depends the width of all the rolling stock, and thence the weight of the 
various carriages. 

The ordinary narrow gauge used in England and in many of the Con¬ 
tinental lines is d feet S| inches, a dimension aibitraiily fixed from the 
fact of the first railways having been made at the collieries, on which the 
trucks then in use happened to he of the above dimensions. The same 
gauge was preserved on all lines for many years, until Brunei introduced 

* The consideration wlnoh determines the full depth of ballast required is the thickness pioyided 
below the beaiing euifncQ, this is fixed ou om line nt 14 inches in tho sleepci road; the bearing 
rarfaca is 13 inches below surface of rails, and the ballast is bo\ed up -to within 3 Inches of iail 
Barface (giving n total depth of 2 feet), to pieservetho sleeping Horn exposme, and to secure the 
road fiom lateial motion, 

In the wiought non road, the bailing surface is only 4 inches (instead of 13 inches as in. a sleeper 
road) below surface of lails, thus effecting a clear saying of 9 inches, leaving the same depth below 
bearing surface. 

The stability fiom lateial motion m the wrougkt-iiou road is effectually eeemed by tho dcop 
angle-irons which have a Q inch hold in tho ballast. 
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the Broad Gauge (7 feet) on the Great Western Bailway, calculating that 
thereby he would gain greater power, speed, and capacity of carnage out 
of all proportion to the extra expense to be incurred. For the next few year 
the “ battle of the gauges ” was fought both in and out of Parliament - and 
it is now generally allowed that the narrow "gauge advocates had the kn 
of the argument; but, practically, the question was settled by the We 
number of lines which had adopted the narrow gauge, and fiom the ex¬ 
treme inconvenience attending a break of gauge at points of junction of 
two lines, and which necessitated an entire transfer of passengers and goods 
from one set of carriages to the other. 

On the Irish lines a medium gauge of 5 feet 3 inches was adopted, and 
that of 5 feet G inches was adopted after much discussion, ns the gauge 
for all lines in India. 

Eailways may have either a single or double lino of rails. Where the 
traffic is light, a single line will generally suffice, but ground should ho 
taken sufficient for a double line, in ease the traffic (as is likely) may 
hereafter require it. In India, the oavthwdrk is made at first for a single 
line only, but the substructure of bridges is wide enough for a double line; 
that is in the case of an Iron Girder biidge on masonry piers, the piers are 
made of full length, but girders are at first only put up for one line. 

Where a double lino is used, one is reserved for the up, and one for the 
down, traffic, to avoid all chance of direct collision. On English lines the 
old rule of the road is observed, trains passing each other on the rigid 
of both ; this is of course an arbitrary arrangement. 

Where a single line is used,’ special arrangements have to be made to 
prevent risk of direct collision, but this will be more properly heated of 
further on. 

230. To enable carriages to be transferred from one line to another, 
two methods are used. 1st, Turntables ; these enable a carriage or engine 
to be turned round on the same line, or by being worked in pairs, and with 
the help of two short connecting rails to be moved from one line of rails 
to the other. 

A Turntable is a large circular disc turning on a pivot, and of a size 
sufficient either to receive a carriage alone, or a locomotive, or an engine 
and tender. The turntables in general use are of cast-iron, with wrought- 
iron ties, bolts, and revolving gearing; they are also made of wood and 
iron, or of wrought-iron alone. Sometimes the wliolo_ table is supported 
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on an lion girder, so nicely balanced on its pivot as to be easily turned by 
the strength of a couple of men. Large turntables are about 21 feet in 
diameter, the smaller ones 12 or 15 feet. Those for an engine and tender 
are, however, 40 feel in diameter. A turntable consists essentially of the 
following parts:—A foundation of masonry or concrete, a circular cast- 
iron base having a pivot in tlio centre, and a track for rollers round the 
circumference. A sot of conical rollers cairied in a frame which turns 
about the pivot; a platform supported on the pivot at its centre, and on 
the rolleis at its circumference, canying one or more lines of rails, and pro¬ 
vided with catches to fix it in different positions. Turntables are generally 
moved by direct manual force, hut tlioso of the largest size require the aid 
of wheel-woilc. 

If it be desired to reverse the direction of a train, and to avoid the ex¬ 
pense of a turntable or to serve its purpose temporarily and there is suffi¬ 
cient space, two short siding lines may be laid in from the main line, 
diverging from it, but converging towards each other, and meeting at a 
short distance lilco the two sides of the letter V, with a piece of straight 
line continuing from their point of meeting, so that the whole resembles 
the letter Y. A carnage or train may he turned down one of these sid¬ 
ings, run along the piece of straight line to clear the switch, and then 
backed along the other siding into the main line, which it enters in the 
opposite direction to that in which it left it. 

Traversing platforms are used when it is desired siurply to pass engines 
or carriages from one lino of rails to another situated parallelly to it. 
They are exclusively fixed in stations where no through traffic can possibly 
be admitted; because they consist of a platform susceptible of movement 
only in a direction transversal to that of the line of rails, and moving on 
rollers in a deep pit extending the whole length of the lines thus put in 
communication with one another. 

Switches and Points ,—By these, trains can he transferred from one line 
to another while in motion. The apparatus used consists of two parts 
known as the switch and the points , the former consisting of a moveable 
rail or tongue taporod at the end, so as to lie close to the main rail or to 
move sufficiently far to enable the flange of the wheel to go in between. 
To move the switches .and render them also self-acting, a lever is employed 
with a counterpoise arranged to act within the switch-box, which is placed 
at the side of the line, and from which the handle of the lover protrudes. 
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Tile switches are arranged so that the main line is always kept open nhtn 
the lever is not touched. 

The points are fixed tapered terminations where two lines of rails cross 
each other, and which are mado of extra hard iron or steel to prevent their 
being injured. Opposite the points guard or check rails are provided to 
keep the wheels from swerving out of the intended course. 

In the plate, a tlirec-tliruw switch is also shown. In this the single ]|n e 
of rails is shifted by the switch, which moves both rails together, to either 
of the three diverging lines. 

In estimating the amount of permanent way required for a line, a 
certain amount of sidings must be allowed for every station to enable a 
train to be shunted, i. e., to be run off the main line when stopping at the 
station. An extra amount of ordinary rails and sidings must be allowed 
at more important stations where spare engines or carriages are kept, and 
a large additional amount for the terminal stations where trains are made 
up, spare carriages kept, &c., it being tho first condition of safe traffic that 
the main lines aro on no account to be blocked. Of this more will be said 
under the head of Stations. 
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CHAPTER. XLIT. 

ROLLING STOCK—LOCOMOTIVES. 

231, Eollmg StocL .—Railway carnages for the conveyance of passen- 
geis aie usually very capacious, Ihe bodies being made to project over the 
wheels, which in ordinaly lines are made 3 feet, or 3 feet 6 inches in dia- 
metei; but as the centre of gravity of the carnages is kept very low, the 
overselling of the ftame produces no evil effects. On account of the rapid 
speed at which the carriages Ravel, and the violent shocks to which they 
are occasionally exposed, their frames are necessarily made of great 
strength ; and every precaution is taken by the introduction of spiings and 
bnffeis to diminish the violence of the blows they leceive, or the effect 
they themselves might produce upon the rails. Elasticity in the traction 
is also liecessaiy as well for the safety and comfoit of the passengers, as 
for the preservation of the carriages; and even in order to economise 
engine power, for if it did not oxist, the engine would be obliged to exer¬ 
cise a gieater power to stait the tiains than it would do for the mainten¬ 
ance of the speed once attained. Various contrivances, more or less 
successful, liavo been adopted to seeuie'these conditions; but the system 
represented in the plate is the one usually adopted; it represents the 
fianiework of a carriage, the body being supposed to be removed. The 
flame is carried on springs fixed outside the wheels, and lesting on biass 
bushes, which bear directly on tho axles: a, a, a, a, are the buffers, or 
discs of wood or metal, covered with cushions, and fixed to the ends of me¬ 
tal rods, working between guides against the ends of very stiong horizontal 
springs c, c. In such cases, when the train is suddenly stopped, the spiings 
are foiced against one another, and serve thus to soften the blow to an 
extent dependent upon the force of the spiring. The draw-bars are also 
attached to the centre of the hoiizontal springs, and thus prevent any 
sudden jar to tho frames of the carriages at their staiting, and the several 
draw-bars of a train are attached to one another by a coupling chain, 
vol. u. 2 L 
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bearing a double thread, so as to force the buffers into close contact- 
loose chains are also placed by the sides of the buffers, in case the 
coupling chains should break. Many varieties of springs have been 
applied for both the purposes described above ; but experience has led 
engineers to resort to the old-fashioned plate springs, of course of con¬ 
siderable thickness, and of the very best quality of steel. 

The ordinary first-class carriages have three compartments, able to con¬ 
tain from six to eight passengers in each compartment; the second-class 
carriages mostly have three or four compartments with ten passengers in 
each compartment; whilst the third-class carriages are made to contain 
from fifty to sixty passengers each. The weight of the best modern first- 
class carriages, on the narrow-gauge, is about fij tons; that of the second- 
class is about 6^ tons; and that of the third-class C tons : or, in other words, 
the ratios of the dead weights of the carriages to the loads transported aie, 
in the several classes, as 2’9 to 1; as 2-1 to 1; and as l'C to 1. A certain 
number of the carriages in each train is made with breaks, and a guard’s 
van, with occasionally an extra luggage van, are added. Horse-boxes, 
carriage-trucks, and post-office wagons are made upon the same principles 
of framing and suspension, as the ordinary traveller’s carriages, so a3 to 
allow of their being added to the same trains as the latter. As the goods 
wagons do not travel at the same velocity as the wagons for the con¬ 
veyance of passengers, there is not the same attention paid cither to their 
modes of suspension, or to their draw-bars; but every wagon which is 
added to a train moved by a locomotive engine is lnmg upon springs, even 
when there is no spring- draw-bar; there is very rarely any buffing appa¬ 
ratus attached to merchandise wagons. On ordinary narrow-gauge lines 
the weights of goods carriages range between 3 and 5 tons; they carry 
about 5 tons each. 

On the American and some continental lines, the passenger carriages 
have no partitions but are open their entire length with a passage down the 
centre. Third class carriages arc sometimes built in two tiers, to save ex¬ 
pense ; the height is apt to make them top-heavy at high speeds, and to 
necessitate greater space under any over-bridges crossing the line ; they 
have however, been tried on the Bombay and Punjab linos, and are said to 
answer well. 

Breaks consist of pieces of soft wood (poplar is generally used) which by 
means of a lever can he made to press against the circumference of the 
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wheels, and thus by the friction cheek thoir revolution, and bring the train 
to a stand still. 

Proportion of Gross to Net Load .—The proportion of the weight of 
carriages to the weight which, they can carry is important, as on it depends 
much of the economy of the traffic. In the following statement the ordi¬ 
nary proportion of the weight of goods and mineral wagons to the loads 
which they carry, are given on the authority of Mr. D. K. Clark ; and from 
those proportions are deduced the proportions of gross to net load in goods 
and mineral trains : — 

Wagon Gross Load 

- 7 - Net Load -f- Net Load 


TVell made open wagons, ... 

. i 

11 

Well made coveiecl wagons, 

. 4 

If 

Clumsy wagons, . 

. 1 

2 

In computing the gross load to 

be drawn behind a 

locomotive engine 


which 1ms a tender, tho weight of tlio tender (from 10 to 15 tons) is to he 
added to that of the wagons and their load. 

Passengers without luggage may be estimated at about 15 or 10 to tho 
ton, and with luggage, about 10 to the ton (but this last is an uncertain 
estimate). In a passonger train tho gross load may be roughly estimated 
at about three times the net load, with carriages suited for high speeds, 
weighing when empty 5 or 0 tons for a carriage capable of carrying 20 
or 30 passengers. In light carriages on horse-worked railways the gross 
load need not exceed double tho not load. 

233. Locomotives .—The engines used to draw carriages on railways are 
generally known as locomotives. Thoy are of various sizes and power, hut 
the general principles of construction are the same and they differ only in 
details. It would bo out of place here to do more than give a brief descrip¬ 
tion of their construction and working; for further information the student 
is referred to tho many excellent treatises on the Steam Engine now 
available. 

Locomotives have six or eight wheels; the two large ones, which are 
directly noted upon by the piston rods, are termed the driving ivheels, and 
are from 5 to 8 feet in diameter. ' 

Most engines have a pair of driving wheels in the centre, between two 
pairs of smaller wheels, 3 or 4 feet diameter, or two pairs of driving 
wheels placed together either before or behind the smaller pair. When 
extra power is required, as in goods engines, the driving wheels arc coup- 
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led together, by coupling-bars, by which the action of the piston-rods is 
more directly transferred to the second pair of wheels. 

Power in a locomotive is obtained by using steam of a higher pressure- 
Speed by using a greater quantity of steam within a given time; for each 
of these arrangements, therefore, a difference in the details of construction 
is required. 

The fuel used in England is now generally coal. Coke, though giving 
out more heat with less bulk, is apt to injure the boiler tubes by its hard 
particles being driven into thorn, and the extra boat does not compensate 
for the extra cost of coking the coal. Coal is also used in Bengal; but 
in the N. W. Provinces and the Punjab, and elsewhere, where coal is not 
available, wood has to bo employed instead ; this also necessitates certain 
changes in the construction of the locomotive. 

233. Longitudinally the locomotive is divided into three parts, the 
fire box, which is behind, and in which the furnace is situated; tire hi hr 
in the centre, where tlio steam is generated; the smoke box in front, in or 
outside of which are tho cylinders by which the steam is used to drive the 
pistons and connecting rods to give motion to the driving wheels. Above 
the smoke box is tho funnel through which tho smoke escapes and in which 
is tho blast pipo, by which rapidity in combustion of tho fuel and production 
of steam is secured. 

The size of the firebars or grating must be adapted to the description ot 
fuel used, whether wood or coal, and whether slow or fast burning. 

Through the boiler, which occupies the principal mass of the engine, 
run a great number of small brass tubos, and through them the flnme and 
heated air pass from the fire-box to tlio chimney. The tubes are about 
G feet long, 2 inches in diameter, and from 00 to 120 in number. They 
have been made 300 in number,' and inches in diameter. By this 
contrivance, and by surrounding the fire-box with a double casing, con¬ 
taining water, all the heat is absorbed by the water before it reaches the 
chimney. 

The introduction of tho tubular boiler tripled the evaporating power 
of tho engine, and caused a saving of 40 por cent, of the fuel. But 
tho abstraction, of all the heat from tho air, destroyed the draught of 
the chimney, and therefore the activity of the fire. This evil seemed 
insurmountable, in spite of the use of fannors, till George Stephenson 
used the waste steam, which passed from the cylinder after working the 
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engine, to create an artificial draught, by discharging it into the chimney, 
through the Mast. pipe. This steam blast has been termed the life-blood 
of the locomotive. 

On the evaporative power of the boiler or the superficial area which can 
he at one time exposed to the heat, depends the speed of the engine. 

Tire cylinders may be in or outside the smoke box, and in a horizontal 
or oblique position. By placing them inside heat is economized, as none 
of theh steam is condensed by the cold atmosphere. In this position, be¬ 
sides being nearer the centre of resistance, they act with a less injurious 
strain; although, two pistons being necessary to pass the “ dead-points” of 
the crank, their action is unvoidably unequal on each side in turn. But 
this auangement gives loss room for the machinery, and lenders necessary 
a double-cranked axle, which is consequently much weakened, though cut 
from a solid mass of iron. Both the outside and inside arrangements have 
their advocates. The length of stroke of the piston, and diameter of the 
cylinder, bear a certain proportion to the evaporative power of the boiler, 
as the one should use the steam as fast as the other makes it. On these 
three dimensions depend the power and speed of the engine. 

The connecting roils are either connected directly with the driving wheel 
if the cylinders are outside, or when they are inside they are connected 
with the cranked axle on which the driving wheels are keyed. 

The feed pumps for the boiler are close to the cylinders, and are con¬ 
nected by a suction pipe with the tender in rear. 

Eehind, within easy reach of the engine driver, is the handle of the 
regulator by which stoam is turned on or off, through the steam pipe; a 
lever at the side, by which as it acts on the eccentrics, the engine can be 
made to go forwards or backwards; a steam whistle by which signals or 
warning can be given; and a smaller lever, close to the eccentric lever, 
by which the communication between the feed pumps and the tender can 
be cut off or put on. 

The tender conveys fuel and water for the engine and is immediately 
behind it. By a lever the break can be worked when a stoppage is neces¬ 
sary. 

In what are called tank engines , the engine and tender are in one; they 
are used for short journeys, but are objectionable generally as bringing 
greater weight in a shorter longth upon the rails. 

234, The American locomotives, which are very similar to those used 
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in this country, are of two kinds, which are universally adopted in the 
United States 

The passenger-locomotive has oiglit wheels, of which four b fiont are 
placed in a moveable frame, called a “ bogie” or “ truck,” which swivels 
on a central pivot, and adapts itself to the curves of the lines; the four 
wheels behind are the “ drivers they are larger than the front wheels, 
and of equal size and coupled. The cyiindeis are placed outside, just over 
the truck, horizontally. A “ cab ” or “house ” is placed upon the hinder 
pait of the machine, behind the boiler, for the piotection of the engme- 
diiver and the stoker from the weather, with ample glazed opening, to 
affoid a clear view ahead. The chimney or “ stalk ” is in foim externally 
like an inverted coue, expanding upwards; internally, it is cylindncal, and 
the Bpaco between the outer and inner chimneys foims a reservoii foi cinders 
and ashes thrown up tluough the iunei chimney, which aie deflected by a 
baffle-plate at the top, audtluown over into the resoivoir, trap, oi “spaik- 
catekor.” This conti ivanco is specially designed for the use of wood as 
fuel, and to pievent the lisle of conflagiation arising from the numerous 
spaika which would otherwise be discharged in passing through forests and 
other ignitablo districts. As a further precaution for the prevention of 
spaiks, the top of the stalk is covered with a fine wiie-uet. The steam- 
whistle is situated above the boilei for ordinary use ; and the bell is hung 
near to the cab, with lopes within reach of the enginoman. The bell is 
used in passing through the streetB. The cow-catcher is hung b front of 
the engine, to waicl off stray cattle, &c., and the Amoiican flag is hung be¬ 
hind it. The tender is carried on sight wheels, disposed under two trucks, 
fore and aft, to facilitate the turning of the tender on the curves. The 
goods-locomotive is placed on ten wheels, of which six arc coupled, to 
supply driving-power, and the leading four wheels aro hung in a swivel¬ 
ling truclc. 

235. An oidinary passcngcr-Ioeomolive of the present time weighs 19 
to 23 tons, and occasionally as much as 27 tons, which is excessive. A 
goods-locomotive of the most powerful stamp weighs 27 to 32 tons, dis¬ 
tributed on six-coupled wheels. Tenders weigh from 10 to 15 tons, with 
fuel and water supply. Tank-locomotives, or such as are constructed to 
carry their supply of fuel and wafer in reserve, without the aid of a tender, 
weigh a few tons heavier than the same engine if fitted with a tender. 
But tank-locomotives are usually made of small size, to work light, blanch 
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traffic, and weigh lighter in consequence than most other engines—from 12 
to 20 tons gross 

Passenger-locomotives are commonly made ■with cylinders 15 or 16 
inches in diameter, with a stroke of 20 to 24 inches, and diiving-wheels 
varying fiom 5^ to 7 feet diameter, according to the duty for which tho 
engine is made; for high-speed express tiams the larger wheel is used. 
The cost of a modern passenger-locomotive and tender is about £2,300. 

Ordmaiy goods-locomotives have eylindeis 16 inches diameter, and 24 
inches stioke, with 5 feet wheels. They cost about £2,800, with tender. 

The in e-grates aie 3 feet to 4 feet in length, and about 3 feet 6 inches 
m de; and the boilers contain 150 to 230 small flue-tubes, about 2 inches 
in diameter, and 10 to 11 feet in length. 

230 , The following was the Chief Engineer’s specification for the loco¬ 
motives to bo used oil tlie Punjab railway:—The locomotives sent out 
should be adapted for burning wood. They should be light also, which 
tends to decrease the wear of peimanent way. This involves engines of 
less power than those now generally made in England; hut our line is so 
level that such powerful engines aie not required. Forty locomotives will 
woik the line. Twenty 6-wheel euginos, leading and hailing wheels 3 feet 
6 inches diameter, driving wheels 6 feet, 12-inch cylinders and 20-inch 
stroke, weight not exceeding 20 tons; and twenty G-wheel engines, leading 
wheels 3 feet 6 inches diameter, driving and trailing wheels 5 feet diame¬ 
ter, coupled, 14-inch cylinders, and 20-inch stroke, weight of engine not 
exceeding 22 tons, in both cases, exclusive of tender, which should carry 
1,200 gallons, on six wheels, 3 feet 6 inches diameter; each engine and 
tender to be provided with a light frame or roof covered with painted canvas 
earned on upiights from tlie engine frame and tender, respectively, the 
tender loof being higher than the engine roof, so as to work perfectly 
clear and to lap over each other 9 inches. 

Every portion or part of each engine and tender in each set of twenty 
to be made from one template, so that any piece of an engine shall fit and 
be applicable to perform the same duty for any other of the set. 

237. The speed of an engine depends, as said before, on the rapidity 
with which its boiler can generate steam. One cylinder full of steam is 
lequired for each stroke of each of the pistons, Each double stroke cor¬ 
responds to one revolution of the driving-wheels and to tho propulsion of 
the engine through a space equal to their circumference. Wheels 7 feet 
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in diameter pass oyer 22 feet in eacli complete revolution. To produce a 
speed of sixty miles per hour, they must revolve exactly 200 times in a 
minute; and to effect this number of revolutions each piston must make 
double that number of strokes in the same time. 

Work to be done by a locomotive. —We have already investigated the re¬ 
sistance to be overcome in a train whether on the level or an incline. But 
besides drawing the train, the locomotive engine has to overcome the 
resistance of its own wheels and axles, and of its own mechanism • and 
this being added to the resistance of the tender and train, gives the ansi 
resistance of the engine, tender, and train. Various rules have been pro¬ 
posed and tried for computing the additional resistance for the engine. 

The following rule is founded on the principal that the resistance of the 
engine consists of two parts; the first, being the resistance of the engine 
ns a carriage, is the same with that of a train of the same weight; the 
second being the resistance caused by the strain on the mechanism, bears a 
certain proportion to the wliolo resistance of the engine and train, whether 
arising from friction, concussion, or gravity; and that proportion appears 
to ho about one-third. This is expressed by the following formula for the 
gross resistance li in lbs., of an engiue whose weight is E tons, chawing a 
tender and train whose gross weight is T tons, at the speed of V miles an 
hour, up a gradient whoso sine of inclination is i. 

R = (T + E) . | 8 + -^- + 2087 i j 

in which the first and second co-efficients are those due to friction, concus¬ 
sion, and velocity, and tho third expression shows the resistance caused by 
the incline. 

For a descending gradient, each term in i is to bo subtracted instead of 
added. 

The energy exerted by the engine per minute, in foot pounds, is the 
product of tho effort or gross resistance in pounds and speed in feet per 
minute; that is to say, 

88 VR; 

(one mile an hour being 88 foot per minute). The indicated horse-power is 

88 VR VR 
83000 “ 375 

Let A be the area of each of the two pistons of the engine, in square 
inches ; p, the mean effective pressure, in lbs. on the square inch; c, the cir- 
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cnmfeience of the driving whools, in feat; 7, the length of stroke of the 
pistons, also in feet; then 

2pA = -q ■ and 

T-e, 

P — 4ZA‘ 

The man speed of tho pistons is 17G Z V c. 

The mean effective pressure of steam in the cylinder is regulated by the 
dibit required to overcome the resistance, as shown by the formula! and 
calculations just given. The pressure of tho steam in the boiler exceeds 
the mean effective pressure in the cylinder in a proportion depending on 
the extent to which the steam is worked expansively, and various other 
ciicnmstancos. It usually ranges in practice from 80 lbs. to 140 Bis. per 
square inch above the atmospheric pressure. In some cases engines have 
been woiked at a pressure of 200 lbs. per square inch. The most common 
piessiues at present arc from 100 to 120 lbs. 

The tractive force of a locomotive must evidently be at least equal to the 
sum of the gross resistances found as above. This force however is in 
general limited, not by the powor which the engine is capable of exerting 
—for that is almost always more than sufficient to draw any load that it 
over has to convoy—but by tlio “ adhesion ,” as it is called, or force which 
prevents the driving-wlieolG from slipping on the rails. 

The adhesion is equal to tho weight which rests on the driving wheels, 
multiplied by a co-efficient which depends on tho condition of the surface of 
the rails; being greatest when they are clean and dry, and least when they 
are wet and greasy, or covered with ice. 

On an avorage, the adhesion of a locomotive engine may be estimated at 
about one-seventh of the load on the driving wheels ; for by sprinkling sand 
on the rails when they aro slimy, or if they are icy, directing jets of steam 
on them, it may in general ho prevented from falling below that amount. 

lu order that the rails may bo able to boar the load on the driving whools 
without damage, it is considered advisable that tho load on each wheel should 
not in ordinary cases exceed 5 tons = 11,200 lbs. According to this rule 
the limits of load on the driving wheels, and of tractive force, are— 

Load oil Adlie- 





Diiviiig Wheels. 

Eton. 

(1.) For engines with 

one pair of driving wheels,. 

10 tons 

= 22,400 

3,200 

(2] 

JJ 

two pairs of (hiving wheels, coupled, 

20 „ 

44,800 

6,400 

(3.) 


three pairs of driving wheels, coupled, 

30 „ 

07,200 

9,COO 

(+} 

JJ 

four paiis of driving wheels, coupled, 

40 „ 

80,600 12,800 


YOL. IX, 
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Evidently the available tractive foice of a locomotive engine in ascenJmg 
a given inclined piano (which, as above said, must be at least equal to the 
resistance of the heaviest train that it lias to diaivj, is to be found by sub¬ 
tracting from the adhesion that component of the n eight of the engine 
nInch aols as a resistance to its ascent; that is to say, 

If E denote the total weight of the engine ; 
q E, that pait of the weight which rests on the driving wheels- 
», the sine of the inclination of the railway; 

P, the available tractive force; then 



The following example of the use of the above i'onmilw is worked out 
fioin one given by Ranldne. 

Let weight oi tiain = 101 tonsi _ 
weight of tender = 10 tons f • • — 1 

weight o[ enguio := 13 = 20 tons. 
i elouty ]iei limu- = Y = 21 miles 
Ascending gradient = 1 m 1.°>J 3 i = 007 !) 

Then R = (111 + 20) J 8 -f- ™ 4- 2087 + 0073 } 

= 4,502 llis 

On a level i would disappear, and It would equal 1,501 lbs, showing 
that the resistance caused by the ascent of the gradient is three times that 
on the level. 

If the engines lmve one pair of driving wheels, then the available trac¬ 
tive force aP= — ’0075) 20 tons. 

= 28C2 lbs., 

showing that the engine would not be powerful enough to draw the train 
up the incline. 

If on a level, P = T \ x 20 tons — S200 lbs., i. e., the whole tractive 
force is available, and this would he amplo, the resistance on the level be¬ 
ing only 1501 lbs.* 

* I£ wo weak out Hub same example by the formula given at p. 229, and take 80 square feet as the 
frontage of the train, wo get— 

ItesihfcauCG of tiam and tendoi on lovol = 1711 lbs,, and af the engine = 41 i lbs. Total 2 s l2f» lfw, 

IS‘t , 

to which must ho added y a3 3 = 1 ton for tlio additional leaifitniico caused by tlie incline, fora 

i«g a total leslBtanco on tho incline of 436/i lbs., a lesult which ngicpfi \eiy closely nith the former 
calculation, though the lealatance on the lei el differs c onsidei ably. 
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Circnmfcicnce of dnving wheel = 20 feet 
Stioke of pistons, - - - = 2 „ 

Area of each,- - - - = 200 sqnaie inches 

Oil the incline, moan effective pci square inch = p = 56 lhs, 

Mean speed of pistons = 122 feet pci minute. 

Indicated hoisc-jiovm = 288. 

But, as shown ahovo, tlie power of the engine being limited by the 
adhesion would not suffice to draw the train lip the incline, even with an 
increased pressure of steam. 

238, The consumption of fuel by locomotive engines per indicated 
horsepower per hour, may be estimated as tanging from 3 to 5 lbs , and 
the evaporation from 7 to 9 lbs. pci lb. of fuel. The whole area of heating 
surface m ordinary engines vaiies fiom 800 to 2,000 square feet; and the 
aiea of beating surface for each lb. of fuel burned per hour, vanes fiom 
about half a square foot to 1^ scpiare feet, and is on an average about one 
squaie foot. 

The action of the blast-pipe gives to the locomotive engine tho power 
of adapting its consumption of fuul to the woik which it lias to perfoim, 
within certain limits. Hence the rapid consumption of fuel by heavy and 
poweiftil engines, in ascending steep inclined planes, is to a great extent 
compensated by tho saving which takes place m descending. 

The number of mllos mu per annum varies veiy much with circum¬ 
stances. An engine, when oil duty, may perform a duty averaging 120 
train miles per day, amounting to upwards of 37,000 miles per annum, 
excluding Sundays. Hut ns a poilion of the stock is always under repair, 
and a poition in reserve, it is safe to allow 50 per cent, of the total number 
as off duty, leaving 50 per cent, at woik, which would reduce the aveiage 
peiformance per engine of the whole stock to 18,000 or 20,000 miles per 
annum. The circumstances of many lilies do not admit of such a high 
average mileage; and the gross average mileage run by each locomotive, 
passenger and goods, may be taken at 16,000 tinin miles per annum. 

Besides tho train-miles run by engines, which are in fact the only 
performance recognised from a commercial point of view, they inn many 
miles unavoidably “ empty”—that is, without a train; the proportion of 
tbe empty or unprofitable mileage being dependent on the exigencies of 
the traffic and the nature of the lino. A line with locally heavy gradients 
must have “ assistant" or “ pilot ” engines in readiness to assist the ti ains 
up the inclines, which usually have to return empty to the depot; and in 
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cases of special trains, empty engines arc run to or from the train, befoie 
or after duty, according to the situation of the engine-depot, as the casc 
may happen. 

Thore is another duty, of a passive description, which is imposed on 
engines—to stand “ in steam,” or with the steam up and tlie fire in g 00 d 
order, in readiness to act when required. Assistant engines necessarily 
stand thus mauy hours a day while on duty, and there is a ceitain con¬ 
sumption of fuel incurred in so maintaining the steam. Some railway 
companies therefore, for the purpose of placing the wliolo duty of tk 
locomotive department on record, register the whole time of engine? being 
in steam, also the empty mileago run, besides the time on active duty ami 
the train-milos run. 



CHAPTER XLI11. 

STATIONS. 

330. A very important part of the establishment of a railway con¬ 
sists in the erection of the intermediate and the end stations. The result 
of past experience seems to provo that it is by no means advisable to 
construct these buildings, at the first opening of a line, in a costly or 
a permanent manner; but rather that the true policy of a railway company 
is to purchase at once all the land that may he required, and only to erect 
the permanent buildings when the traffic has had time to devolopo itself. 
As a general rule, it would seem to bo necessary to purchase an addition¬ 
al quantity of ground, boyoud that which is required for the roadway, of 
about eight acres for a first-class intermediate station; and of about four 
acres for a second-class one; the terminal passenger station for a first- 
class railway will require an area ol' about 4 to G acres; whilst the goods 
station of such a lino will require about 25 or 40 acres, and the repairing 
shops, carriage depots, engine houses, colce ovens, may require at least 
12 acres. It may be added that in a large passenger station at a ter¬ 
minus, as many as forty people arc constantly employed; and in a large 
terminal goods station there are often as many as 140; on a first-class in¬ 
termediate station there are usually about ten people employed, and on a 
second-class station only about four. It lias been found that the average 
length of sidings lor turn-outs and goods stations, on lines with a large 
tiaffic, is not less than from 12 to 15 per cent, of the whole length of the 
through way; and the expense of the station buildings has been found 
to be not less than .£2000 por mile lineal of the distance between the ter¬ 
mini, when no very costly or monumental buildings have been attempted, 
hr all cases the embarkation and landing of passengers should be effected 
under cover, and the same remark of course would apply to goods; the 
passenger platforms should bo finished at the level of the floors of the 
carriages. 

The several points for consideration in tlie design and arrangement of 
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railway stations are too various to admit of any minute classification J n 
tlieir general features only can any resemblance be recognised, or anv 
rules made applicable. And yet in this department, much depends on the 
Engineer’s judgment, as much of the economical working of the line will 
depend upon his judicious choice and arrangement of the stations, and 
their several adjuncts. The nature and magnitude of the traffic likely to 
occur, and the peculiarities of site and locality for the intended station 
involvo the main considerations, and must determine most of the details 
required. 

The site will be determined by tlie contiguity of the town or place to be 
accommodated, cost of land, &c.; and, besides these, the question of rela¬ 
tive levels arises, and deserves most especial regard. Indeed, the commer¬ 
cial value of the stations may he said to he made or marred by the facility 
or the difficulty of communicating with the adjoining thoroughfares. Whe¬ 
ther the station be abovo or below the neighbouring level, a similar amount 
of expense and trouble will bo incurred in transferring the luggage, and 
of inconvenienoe in transferring the passenger traffic. In some cases, as 
where a railway is permitted to approach a town only upon a viaduct, this 
great difficulty is necessarily encountered, and must be provided for by the 
host expedients which are available. 

If the level of the rails be only about 1 feet abovo that of the approach 
road, the difference is readily made up by steps for the passengers, while it 
offers convenience in transferring the luggage from the platform direct into 
carts and wagons. A few additional feet beyond this may be accommo¬ 
dated by extra steps, and by employing “ shoots ” or troughs inclined 
from the one level to the other; but if the merchandise usually carried be 
of a bulky and weighty character, tho goods department is preferably 
removed to such a distance that an ascending approach road may be 
formed. Any difference of levels may be accommodated by this expedient, 
provided such a length of road can bo obtained as will allow the ascent by 
an easy gradiont: but as the goods department is in such cases necessarily 
removed further from the town, and from tho passenger department, other 
inconveniences arise which it is very desirable to obviate. Where such 
approaches cannot bo had, and the entire difference of level must he pro¬ 
vided for in a very limited space, it becomes necessary to adopt mechanical 
means for raising and loworing tlie goods, and to provide stairs or steps 
for the passengers. 
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240. The terminus of a long line of railway comprises complete 
arrangements for carrying on a largo passenger and goods traffic; and in 
its immediate vicinity it is necessary to provide means of repairing, and 
perhaps of constructing the locomotive engines, besides proper pfiaces for 
containing them, and arangements for supplying the requisite fuel and 
water. 

The Station Plot will thoreforo gonorally contain, as separate buildings, 
the Passenger station, Goods warehouse, "Workshops, and Cairinge and 
Locomotive sheds. Tlio latter should be at some distance from the other 
buildings, to avoid, as far as possible the annoyance of the noise, steam, 
and smell, which necessarily pervade the engine-house, and also the dan¬ 
ger of communication in case of lire. 

The Passenger station will contain waiting-rooms for passengers, se- 
pniating the first from the second, and other classes, separate conveniences 
for each sex, hooking offices, store-iooms for lamps, oil, grease, &c., rooms 
for clerks, &c., and also suitable apartments for refreshments. The Mana¬ 
ger's, Engineer’s, and othor offices may also conveniently be arranged in 
the same building. If these vaiions rooms be arranged on two sides of 
the main building, the intermediate space will conveniently contain the 
arrival and departure platforms, and should be roofed over with a wooden 
or iron roof, lighted from above, or as is now very general, by a roof of iron 
and glass. The platforms are 10 to 15 feet wide, covered with stone, brick, 
or osphaltc, and about 2 feel 5 inches above the level of the rails, by which 
facility is given for entering and leaving the carnages, and also for loading 
railway trucks with carriages, horses, cattle, sheep, goods, &c. Several 
examples of iron roofing applicable to stations are illustrated and described 
in the quarto volumes of the Professional Papers of the Corps of Eoyal 
Engineers. 

On approaching the station, two lines of rails diverge from each other, 
so as to bring them close against the platforms, one of which serves as the 
departure platform, having booking offices, &c., contiguous to it, and the 
other as the arrival platform, in fcho immediate vicinity of which the re¬ 
freshment rooms are suitably situated. The space between the two lines 
of rails must be wide enough for three or more spare lines of rails, to hold 
carriages of all classes, horse-boxes, carriage-trucks, &c. Access from 
the main lines to these spare linos is obtained by one, two, or more rows 
of turn-tables, one of which should be placed across each of the extreme 
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(jucls of the station, and another iutormcdiatc, so that fir.it, second, or tlurj 
class carriages may bo conveniently introduced, at any part of the train 
Switches may also bo laid connecting' those spare linos with the main lin^ 
but they should be of such a kind that tho tongues may be wholly remove! 
except when in nso, otherwise the arriving trains will run against the 
points. The supports for tho roof, whether of iron or brick, may be fixel 
in rows between the spare linos of rails. 

Tire Goods warehouses, if adjoining the station, should bo kept back 
from tire lino formed by tho other buildings, so as to allow one or more 
spare lines botwoun tho warehouse and the main line. If this cannot be 
done, the turn-plates must be fixed upon the main line, which is found 
objectionable, as they arc thus exposed to a constant and most destruefe 
kind of wear. 


241. Tho following rales as to station accomodation have been laid 
down for tho Jubbulpore Line, now under construction. 

Accommodation to he prodded in the paxsnujn' luilditiij at the main engine chan}- 

iny station. 


Booking office and station master’s room, 


Supoi. 

fett. 

m 

Telegraph mid signaller's room, .. 

1st class waiting and refreshment room, 


300 


GOO 

2nd class ditto, 


300 

Ladies’ room (waiting and retiring), ,, 


300 


Tho above to ho included m tho main building of tho pnssonger range. 
;iul class entrance and general way out, 15 tout wide each. 

Luggage weighing room,., .. .. .. .100 


Gentlemen’s washing and retiling room, .. .. 000 

Lamp room, &e., .. .. .. .. .. S00 

Stores, See., . .. .. .. 300 

Tiio above to he placed in tho wings of tho passenger range. 

One platform in tho main engine-changing station to he 20 feet wide, with a 
covering roof over it and the adjoining roiul, 35 feet 3 inches span in tlio clear. This 
roof to he carried on a clerestory, raised abovo the roof of the piibsengei range for 
free ventilation and escape of smoke, and to consist of an iron Iramc-woik with such 
suitable covering (not exceeding 10 lbs. weight per square foot) ns may he hereafter 
decided upon. 

Tho roof over tho platform to oxtend the whole length of tho main station build¬ 
ing and wings, about 200 feet. Tho opposite platform will also bo 20 foot wide hot 
will not he roofed over in tho first instanco, nor will tlie supporting walls of the 
shed ho built. 

Third Class Stations. 

Super. 

feet.. 

Booking office and station master’s room, ,. .. 300 

Telegraph office and signaller’s room, .. .. .. 300 

The above to form the body of the building. 
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Suppj. 
fecfc, 

3rd claw entrance and general way out, 15 feet wide each. 

Retiring moms,.1 .. .. 300 

Lamps anil stores,. 300 

Both the up and down platform to be 30 feet in width ; a verandah 16 feet in 
outside width to extend oil one platform the length of the passenger range, and a 
waiting-shed to bo provided on tho opposito platform covering an area of 600 
square feet. 

In changing stations sufficient width between up and down platform walls must 
be ghen to admit o£ four toads and two walls to cany the platform shed roof. 

In thud class stations, sufficient width between up and down platforms to ho given 
for two roads. 

A chubootra and well and latrine to be provided at every station for the 
accommodation of third class passengers. 

The roof of station buildings to ho carried on stone or brick arched ribs, or wrought- 
iron girders, ns may in each caso bo most economical. Tho covering to he of the most 
suitable local material. 

The up and down platforms to bo built each 600 feet long in the first instance, 
leaving space for their extension to 1,000 feet hereafter if necessary, 

Standard Dimensions. 

m. In 

The gauge to be, 5 6 

Oidinary width of rail to ho reckoned at, .. ..0 8 

Minimum clear width between the tracks in all sta¬ 
tions, .8 0 

Minimum clear width between the tracks on tho line, 6 0 

Clear distnuco of platform wall from rail, .. .. 2 6 

Projection of nosing of platform, 0 3 

Height of passenger platform above rail level, .. 2 9 

Haight of g'ood’s platform above rail level, .. 4 0 

Minimum clear distance from track to side of fixed 

structure on running line, .. .. .. .. 4 0 

Minimum clear space between tracks and side of fixed 

structure in stations, excepting' platform walls, .. 6 6 

Minimum clear height for all over-openings above rails 

in centre of each line,.. .. ..14 6 

Minimum clear hoight for nil over-openings above rail 
level, at a point 4 feet 3 inches measured horizon¬ 
tally from contra of each line outwards, to be, .. 13 0 

Tho angle at the sides of all over-oponings as formed by the tangents thus fixed 
my he rounded off by n curve of 3 feet 3 inches radius. 

Goods’ loading gauge for interchange of traffic to bo settled to pattern. 

Bieadth from centre to centre of buffers,.6 S 

Height of centre of buffer above rail for all rolling-stock 
to be hereafter constructed. 


VOL. ii. 


3 6 

2 N 
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Passenger Carnages. 

Ft. in. 

Extieme width o£ body,.. 6 

jV.J?.—In the drawing this is 10 feet G inches of loof, .. 8 10 

Ditto ditto of stops, .. .. .. .. ..10 o 

Length between centres of wheels. 

Carnages and wagons, maximum, ,. .. ..11 o 

Minimum diameter of turn-tables, ., .. .. 15 0 

The engine and tender to turn on tmn-tables of dia¬ 
meter of .. .. . ■ .. .. .. .. 40 0 

All carriages and wagons to have apiing-biiileia and draw-springs at both ends, 

342. A plan is given of the Umiitsur Passenger Station on the Punjab 
Railway. The material employed for the building is brick throughout; the 
outer surface being carefully dressed with very close joints. The roofs are 
of pucka terras on trusses of low pitch, except, those over the platforms, 
which are to be of galvanized corrugated iron. The floors are all of biicb- 
on-edge, set very close, and dressed smooth. Tlio timber employed every¬ 
where is doodar, from the forests of tho Punjab Himalayas.—(Pro/essioiial 
Papers, No. 3.) 

243, A viow is also given of the Calcutta Terminus of the Eastern 
Bengal Railway, of which the following is a description 

The building ia in an Italian stylo of Oriontnl architecture, and is on a very ex¬ 
tensive scalo. 

The two platforms are each above a 1000 feet in length and 27 feet wide. Three 
light wi'ought-iron roofs, each 615 foot in length, cover eight lines of mils. These 
roofs me painted internally light blue and white, and produce a very pretty effect. 
Tho span of each roof is about 53 feet. 

The office accommodation for the Executive Staff is made very complete, and tins 
waiting hall is of the following large dimensions, vi/.., length, 200 feet; width, 40 feet j 
height, 4.0 feet. The roofs over all the offices me flat and formed of wronglit-iion gir¬ 
ders and brick aTchos, which have a span of 13 feet; tho bricks me 6 inches deep, 

Tho upper pnrls of tho roofs nio covcied with the ordinary Ithoa roofing, composed 
of broken brick, mixed with Sylhet lime, deposited in several layors, with plenty of 
water, tho finest layers being placed uppermost, and the whole well beaten in tho 
usual way. 

The method by which the groat waiting hall is lighted and ventilated is original. 
The chief light is obtained, fiom n considerable elevation immediately above a lower 
corridor. It is admitted firstly through a Beries of arches pierced in tho outer and in¬ 
ner walls of an upper arcade, which is built over the lower corridor. This arrange¬ 
ment obviates the necessity of using windows of any kind, since, during the rainy 
season, tho water falls only in the upper arcade; but iu cases of violent storms, when 
the rain beats at a very acute angle, “ purdahs " or CRttvas screens are provided, which 
can he let down at pleasure. 
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The following is a description of the Khooslitea station on the same 
line 

Khooslitea is the terminal station of the first section of the Eastern Bengal Railway. 
It is situated on the south or right hanlc of the river Ganges, on a large open plain. 

The station lias two platforms, each 600 feet long and 10 feet wide, between which 
are four lines of rails. 

The departure platform and two linos of rails are covered for a length of 300 feet, 
with a light and elegant iron roof, 47 feet span. 

It is intended shortly to cover the arrival platform and remaining lines. In the 
centre of the building is a large waiting hall or booking-office, measuring 85 feet by 
21 and 27 feet in height; it is approached under a good carnage porch. On either 
side are the respective rooms for tho convenience of passengers and the executive 
staff, some of which are sot apart ns quarters for the station master. 

Tho elevation of tho whole 1ms an imposing appearance, as the details ore on a large 
scale. It has been designed in tho simple Italian style, with numerous arches of the 
same character as that which has been adopted throughout the line. 

There is a locomotive shod hero for six engines, with the necessary coaling and 
watering appliances, and a vciy largo goods-yanl, with numerous sidings running to 
the river, and linos for a short distance parallel to the river bonk, used for loading 
and unloading goods under a shed. 

In Plate XV. is shown one of the 3rd class stations on the E. I. 
Railway. 

244. Watering Tanks .—At certain stations, tanks are required from 
wliicli the tenders may take in. water for the engine. The distance that an 
engine can go without water will depend of course upon the work that it 
has to perform—perhaps 40 miles may he assumed as an average. The 
tanks are built in convenient places close to the station siding, and are 
provided with a syphon and hose for filling the tenders. 

On the E. I, Railway, wells and bullock runs are employed, with an 
ordinary chursa, as shown in the figure; or a Persian wheel may he em¬ 
ployed for the same purpose. 

Gradient Boards are put up at the various changes of inclination, which 
are marked on both sides, as a guide to the engine driver to regulate the 
pressure of his steam according to the work to be done. 

Signals will he treated of under the head of Traffic. 


245. The following returns are required by tho Board of Trade, to be 
furnished previous to the opening of a new railway in England, and will be 
found generally useful. 

I. A copy of the Parliamentary Plan and Section, with any deviation which in 
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the constttlction may have been made from either, marked thereon in red ; the eorrec 
tions in the distances, levels, inclinations, sections of ground, and radii of curves 
dared necessaiy by such deviations, being also marked in red, ns well as the positions 
of tho sovcral Stations. The width of Cuttings and Embankments on each si ( t e J 
the railway also to bo marked on tho Plan. 

H. A table of Gradients and Level por¬ 
tions. 

IU. A table of Curves and Straight por¬ 

tions. 

IV. A tablo of Cuttings and Embankments. 

V. A tablo of the Bridges for roads crossed 

by tho Ilnilwny. 

VI. A table of the Bridges and Viaducts 
over Water-comses and Valleys. 

VII. A tablo of Level Crossings. 

VIII. A tablo ol Tunnels. 

IX. A fable ol Aqueducts and large Cul¬ 
verts. 

X. A statement affording detailed information under tho following heads 

lit. Permanent way. —Whether tho line he double throughout, or partly double 
and partly single, or singlo throughout with sidings ; tho distances fiom the fired 
point adopted in tho tables, at which the single portions commence and terminate— 
or, for a singlo lino, at which tho sidings comuioneo and terminate—should bo stated j 
whether tho land has been purchased, or whether any other arrangements have been 
made with a view to adding an additional lino at a future period ; tho width of the 
line at formation lovel; tho gauge ; tho width between tho linos where double; the 
description of rails employed, with a diagram section, tlioir length, and weight per 
yard ; tho description and weight of tho chairs ; the mode of fixing tho chaiis, and 
securing the rails j the description of sleepers, with their smallest, and avmage, 
scantling and length ; their distance asunder if transverse, tlioir airangement, and 
tho details of any tmnsvciso supports or tics by which they are connected if longi¬ 
tudinal ; tho nature of tho ballast, and its depth below tho under surface of the 
sleepers ; tho description of switches adopted, with tho name of tho patentee, if they 
are patented. 

The names of the stations are to he stated, at which engine turn-tables aic provided. 

2nd. Pences. —Description of fencing adopted on each portion of tho line. 

3rd. Drainage. —General description of tho drainage employed, and if on any 
part of tho lino it ban been attended with peculiar difficulty, a detailed description 
should bo given. 

ith. Stations. —Their names, and their distances fiom tho fixed point, respec¬ 
tively, and tho position of each marked upon the Parliamentary Plan, 

5(7t. Width of Dine. —Tho minimum space allowed between the sides of the larg 
est carriages in use upon the railway, at tho lovel of tlioir windows, and any fixed 
works, such as bridges, pillars at stations, telegraph posts, sheds, &c,, along the line, 

6th. Bridges and Viaducts.- —Drawings of all bridges and viaducts, cither over 
or under the railway, in detail, accompaniod by sufficient information to allow of 
tho probable strength of each being ascertained by calculation, 


According to printed forms 
observing that the situations of 
works, &e., should he described 
in each by reference to the same 
fixed point; and that it mil be 
>convenient if the Station nearest 
to Iho Metropolis for a main 
line—and the ] unction with the 
main line for a blanch Rail¬ 
way—he adopted ns such point 
of reference. 
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XI Draining and description of carriages to be used. 

Memorandum of important desiderata at tiie stations —1. Plat¬ 
forms to l> e not l css than G ^ e °b 'wide, at stations where tlie traffic is small j and 
the descent at the ends to be by means of ramps, and not. by steps. Pillars for the 
support of roofs not to be nearer to the edge of the platforms than C feet. 

2 , Clocks to be provided in a position where they me visible from the line. 

3 , Signals and Distance Signals for each direction to he supplied. 

4 , The levels and handles of Switches and Signals to be placed in the most con¬ 
venient positions, and to be brought close together, so as to bo under the hand of the 
person vDiking them. The switches to he provided with double connecting lods. 
The levers of the switches to be sufficiently long to enable the pointsmen to work 
them aithont lisk or inconvenience, and not to be placed between the lines of rails. 

5 . No facing points, except on single lines, or nt junctions, or in exceptional 
cates. At all junctions, the signals should be worked in connection with the points. 
In other cases a low signal should be attached to the points, to indicate to the driver 
of an approaching train whether they arc set in the proper direction. 

6 . Sidings to ba supplied with locked chock-blocks, and, if they fall towards the 
main line, a blind siding to bo provided ivitli the points closed against the mnin line. 

7. Turn-tables for engines to be erected at terminal stations, and at junctions mid 
other points at which the engines require to be turned. 

8 .—As regards the Line genet ally. If or every Cast-iron Bridge the breaking 
weight should be equal to three times tlio permanent load due to tbe weight of tbo 
superstructure, added to site times the greatest moving loud that enn he brought upon 
it. 

9 . For every wrought-iron bridge, tbo greatest weight which can bo brought 
upon it, ndded to the weight of tire superstructure, should not produce a gieater 
strain on any part of the material lliau fire tons per square inch. The heaviest en¬ 
gines in use on railways afford a measure of the greatest moving weights to which 
the bridges can be subjected. 

10. The upper surfaces of wooden platforms of bridges and viaducts should be 
protected fiom fire. 

11. The joints of the rails should he secured by means of fish-plates, or by somo 
other equally secure fastening. 

12. On all curves tlie chairs should ho secured, at lenst partially, by iron spikes. 
With rails known ns contractors’ rails, when there are no chairs, or with bridge rails, 
it is desirable that fang, or other through bolts should bo used, at lenst at the joints. 

13. No standing work above the level of the carriage steps should be nearer to the 
outer edge of the rail than 4 feet. 

14. The intervals between adjacent lines of rails or between lines of rails and 
sidings, should ho not less than G feet. 

16. W r hen Stations occur on or near a viaduct, a parapet wall on each side, 3 feet 
high, should be built, with a hand-railing or a fence on the top, sufficient to prevent 
passengers from falling over the viaduct in the dark. For the protection of the 
platelayers, viaducts under the railway should he guarded by a handrail. Viaducts of 
timber and iron should he provided with man-holes, and with facilities for inspection. 

16. At all level crossings of turnpike, and of public roads, the gates should be 
capable of being closed across the railway on both sides as well as across the road; 
®d a lodge or station-house should be provided. 
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17. The fixed signals attached to the gates should be placed at the level classic 
in convenient positions lor being scon along the railway ns well as along tile rcaf 
and whon a level crossing is so situated that an approaching train cannot be ' 
from a sufficient distance, distance signals should he supplied. 

18. At all junctions, main signals and distant signals lor each line arc required- 
and clocks should ho placed in a conspicuous position for the use of the signalmen ' 

1!). It is desirable that the signal-handles and levers of the switches at junctions 
should ho brought together upon a properly constructed stage. They should lie m 
arranged, that a signalman shall he nimble to lower a signal for the approach of a 
train until nEtcr lie has set the points in the piopor direction for it to puss ; and that 
it shall no! bo possible for him to exhibit at the same moment any signals that can 
lead to a collision between two trains. 

20. Mile-posts and gradient-boards should be provided along the line. * 

21. The junctions between the main lino and any sidings which lead to ballast pits 
in uso, or which lira employed Jor colliery or other purposes, should he protected by a 
distance signal in each direction. 

340. The following aro some details of the Sindh Railway:— 

The distance between Kuvinchec and ICotrec traversed by the Sind Railway is 10S 
miles 10 chains. OC this disfanoo 83 miles 50 chains aro level, and the remaining 
75 miles 10 chains are on inclines move or less favorable, 1 in 200 being the ruling 
gt adieu t. 

The total length of straight lino being 71 miles 22 chains, the length of the line 
on curves is, thcrefoic, 33 miles G8 chains, tho sharpest curve having a radius of 43 
chains lor a distunco of 70 chains. 

Tlic earthworks generally arc executed to accommodate a Binglo lino of railway; but 
nil tho bridges, culverts, and stone viaducts are constructed to carry a double line. 
In the cases of tho wrougliL-iron viaducts, the stono piers aro adapted to support 
girders for a double way, while those required for a single line alone are erected. 

Tho Permanent Way consists of the ordinary donble-hcadod rail, weighing 66 IBs. 
per yard, fixed by compressed wooden keys in chairs, each -weighing 22 lbs The 
joints are fished in the usual way, the fish-plates being secured by four bolts, each 1 
inch in diameter. The whole is laid on transverse wooden sleepers at intervals of 3 
feet except at the joints, wlroro tho slcopors aro only 2 foot apart. The dimensions 
of tho sleepers aro—length, 10 foot; breadth, 10 inches; depth, 5 inches. A large 
proportion of tho sleepers is of rod and white pino creosotcd, sent from England. 

The remainder are partly of deodar from tiro Punjab forests, and partly of Austra¬ 
lian bluo and white gum, and nativo red cync. Those were objectionable, on account 
of their great -weight, and the case with which they wore split by tho driving of the 
Bpikes. 

To protect the doodar sleepers from tho attacks of white-ants, mid before the Bur- 
nettising apparatus was roooivod from England, they wore stooped in a solution of 
sulphate of copper. This proved to ho an unfailing specific ; hut it possesses this 
serious objection, that iron nails or spikes driven into timber thus prepared are rapid¬ 
ly destroyed by tho action of the sulphuric acid. The result of experience, with 
reference to the important question of sleepers, is that pine sleepers, whether red 
or white, imported from England and creosoted, aro liable to split and twist to a 
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peat extent, probably on account of the extreme dryness, of the climate. They also 
tpcomoery biittlc, the nature of the timber being destroyed. The creosoting process 
onlt penetrates a certain distance from the surface of the sleeper ; and so long as the 
sleeper does not split, the creosote effectually protects it from the attacks of the ant, 
but immediately a part of the interior becomes exposed, the ant attacks it, and soon 
destroys the uncreosotcd core of the deeper. 

The excellent ballast on the Sindh Railway', consisting chiefly of broken stone or 
clean giarcl, assists in preserving the sleepers from the white ant. 

The majority of the Editing used on tire Sindh Railway consists of a dry rubble- 
stone null, having a coping of stones on edge, set in moitar. Its height is 4 feet 
nbtne the surface of tlie ground. Its thickness at the bottom, just above the footings, 
is X foot 104 inches, and at the top 15 inches. Its average cost was 3s. per lineal 
rard. Along 15 miles of the lino, between Jcrncdnr-kc-Lnndi and Guggur, five- 
strand wire fencing was ndopted on account of tiro distance of suitable stone, and the 
necessity for its iapid completion. Its cost was 2s. 4 \d. per lineal yard. The cost 
of maintenance of the wire-fencing is high, compared with that of the stone wall. 

24?. The following refers to the G. I. P. Railway 

The first section undertaken by the Great Indian Peninsula Railway Company 
tus that from Bombay to Callian, 33 miles, with a branch to Mnhim of 14 miles ; it 
a as called the “ Experimental Tine.” The portion from Bombay to Tannah, a dis¬ 
tance of 20 miles, was the first railway opened in India for public traffic, which event 
toot place an the ICth of April, 1853. Prom Bombay to Callian, a double line of 
rails has been laid. Its steepest gradient is X in 150, and the radius of the sharpest 
enrro ia 40 chains. 

The principal works upon the Experimental Line arc the crossing of the Sion 
Marsh, which is effected by an embankment ; the crossing of the arm of the sea from 
the island of Salsette to the Concan, coinju-ising two viaducts, the length respectively, 
of 111 yards and 193 yards, in tho latter of which there is on opening for navigation 
of 84 feet, spanned by wrought-iron plato girders ; beyond this, there are two tunnels 
of the respective lengths of 103 yards and 115 yards. The railway is protected by 
post and tail fences, and prickly-pear and cactus hedges. The station buildings are 
of masonry. The permanent way is chiefly laid with transverse wooden sleepers, and 
6 miles of it with iron pot-slecpevs. Tho rails, which are of the double f form, weigh 
84 IBs. per lineal yard, ns far as Tannah ; beyond which place, they weigh only G5 
IBs and 68 lbs. per yard. The lighter rails extend along the whole of the Company’s 
main lines, except the two Gliaut Inclines, on which arednkl mils of 85 lbs. per yard. 
From Callian diverge,—the South-Eastern Extension to Poonoh and Sholapore, and 
its proposed prolongation to tho river ICristna and the Madras Railway,—and the 
North-Enstom Extension to Nassick and Jnbbulpore, to join the East Indian Rail¬ 
way from Calcutta, by which a communication will also be effected with the North- 
Western Provinces of India. 

S. E. Extension. —The fust section of the South-Eastern Extension is from 
Callian to Campoolco, at the foot of the Bliore Ghaut mail-road. It is 37$ miles in 
length, of which 304 miles, to the foot of the railway incline, are permanent, the 
remainder having been designed for temporary use, until the Ghant Incline was opened. 
This portion of the railway has been constructed for a double line, but only one road 
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luiu been laid. Its ruling gradient is 1 in 115 on tile permanent, and 1 in 85 on ^ 
temporal y, portion. The rnilius of its blmrpest crave is 10 chains. It contains 
work o£ ail}' special character, hut it is remarkable for tlio extraordinary floods « n ] 
rapid torrents to which it is exposed on both sides. The bridges and cult erh 
built or rubble mnsonry, with coursed fncework ; and in one or two instances, cast-iron 
girders weio made use ol. The average cost of this section, exclusive o£ rolling stock 
was only £1,500 per mile. ' 

lilulre Ghaut Incline. —Four veal's were spoilt in preliminary surveys of tl'j 
incline, mid in laying; out and preparing cross sections, to the number of about h 
thousand, and poihaps (lie most difficult that have ever been taken. 

It is 15 miles 08 chains in length, and the total lisc is 1,831 feet, Its avera-e 
gradient is 1 in 18. The .steepest gradients nro 1 in 37, extending in one length fm\ 
mile 10 chains, and 1 in 10 for 5 miles G chains. Slant lcngLlisof level gradients and 
of 1 in 330 are intioduccd into this incline, to facilitate the ascent of the engine 
The radii ot the curves upon it inngo irom 1C chains to 80 chains, and 5 miles 33 
chains nro straight. It comprises tweiily-fivo tunnels, of a total length of 3,583 jatds 
The longest is 437 ymds; and the longest without a shaft, which is earned through a 
mountain oC basalt, is 3IG yards. Tliaro nro eight viaducts of a total length of SS7 
yards. The two largest nro 108 yards long, and respectively, 103 feet and ICO feet 
above the foundations. The viaducts mo being built, up to the surface of the ground, 
of solid block-in-cmuso masonry, and above, of bloeU-in-course fncework, strongly 
tied through, by header bonds of hlock-in-coursc, to the internal work of sound rab¬ 
ble, and with coursed rubble arches. The contract also comprises a largo quantity of 
retaining walls. Tiro total quantity of culling, chiefly rock, amounts, by calculation, 
to 1,263, 102 cubic yards. Tire maximum depth of cutting is 70 feet, and tho great¬ 
est contents, 70,0()0 cubic yards of trap rook, Tho embankments amount to 
1,840,934 cubic yards, Lho maximum height being 74 feet ; and greatest contents are 
209,000 and 263,000 cubic yards. Tho slopes average about 1J to 1, There me 
twenty-three hiidges of various .spans, from 7 foot to 30 foot, and sixty culverts from 
2 feet to 6 feet wide. The rails weigh 85 lbs. per yard, and are laid with fish-joint", 
with small cast-iron saddles under tho joints, lesting upon longitudinal planks, the 
ends of which hoar upon, and are secured by fang holts, to transverse vooden sleepers. 
Tho estimated cost of this incline is £750,000. Tire upper 2 miles from Khamlalla 
to Ijimowlee, with gradients ol' 1 in 40 and 1 in 50, wero opened on the 14th of done, 
1838, mid have since boon worked with safely and regularity. 

At tho eleventh mile, tire incline is divided into two banks, by what is called » 
reversing station. This sub-division, however, was not adopted for tho propose of 
making two banks of the incline, lmt of increasing the longlh of the base, in order to 
flatten tho gradient and to reach a higher level, whero it encountered the great fea¬ 
tures of the Ghaut nun gin, near Klinudalln. Without tho necessary expedient of the 
reversing station, the practicability ol' changing the direction of the line would bare 
been confined to making curves of small radars ; but with tho device of the reversing 
station, tho direction was altered at a vory acute angle, by means of points and 
crossings. In consoepronco of its adoption, tho incline is prolonged by nearly the 
difference botwcon the longth of tho two tides of an acute-angled triangle, and tint 
of its Iraso. 

Tho next section of the South-Eastern Extension is from Lanowlce, the summit oi 
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the Bliore Ghaut Incline, to Poonah and Sholaporc, and is 20oJ gules in length. Its 
engineering character is very similar- to that of the Concnn section. Its ruling 
gradient is 1 hi 132, and the radius of its sharpest curve is dO chains. The cuttings 
are in trap rock, moorum, and soil; and the embankments are chiefly composed 
of soil and moornm. There are twenty-two viaducts three hundred aud fifty-nine 
bridges, and four hundred and fifty-four culverts, all built of substantial masonry. 
The largest works are the viaducts over the Beernn, 4dl yards long and 00 feet high, 
consisting of twenty-eight segmental arches 40 feet in spun, with a flood stream 
46 feet deep, and rock foundations, the cost of which was J;24,24G ; and that over 
the river Seena, 190 yards long, 54 feet high, consisting of twelve segmental arches 
40 feet in span, with a flood stream 41 feet deep, mid foundations partly in rock 
and partly on hard clay. The fences are dry rubble walls, and cast-iron posts and 
iron-wire mils. One peculiarity of this district is the violence and suddenness of 
the floods, which descend with searcly an hour’s notice, and gather into torrents on 
spots upon which there is no trace or warning of any stream. In the uneommeneed 
portion of the South-Eastern Extension, from Sholnporo to the junction with thu 
Madras Line, in thu Itaiohore district there will he two very largo viaducts over the 
riieis llecuin and Kristua. Upon the South Eastern Extension large quantities of 
entton and country produce are now carried, and it is evident that au immense traffic 
mast soon bo accommodated. The earthwork lias been executed for a single line, 
and the viaducts and bridges for a double line, 

N. E. Extension. —-Returning to Callum, the first section of the North-Eastern 
Extension, which there diverges towards Jubbulporo and Calenttn, is from Callinn to 
Kusstirnh, 20 miles, gradually climbing, by sleep gradients, of which ft great portion 
are 1 in 1(J0, the flank of a long mountain spur, which projects from the Ghaut range, 
and divides the valley of the Bnsta on the south, from the Wytumec on the north. 
This section is full of heavy work ; hut to obtain even such a line, demanded a long 
nnd minute study of the rugged and juuglc-covcrcd district. The radius of the 
sharpest curve is HO chains, It contains 520,493 yards of cutting, chiefly trap aud 
basaltic rock, and 1,333,317 cubic yards of embankment. It comprises four viaducts, 
of which the two largest nre respectively, 124 yards nnd 143 yards lung, null 127 feet 
and 122 feet high ; forty-four bridges from 7 feet to 30 feet in span, and one hundred 
and seventeen culverts. By means of this section, 849 feet of the ascent have been 
smmounted to tho summit of the Ghaut, nnd thus the altitude to be overcome by the 
Thul Ghaut Incline is reduced to only 972 feet. 

Thul Ghaut Incline .—Tho Tliul Glimit Incline extends from the villnge of IIus- 
snrnh to Egutpoovn, and is {\\ miles ill length, having a total ascent of 972 feet. 
At the end of 3j miles there is a reversing station, similar to that upon tho Bliore 
Ghaut Incline, by which the huso was lengthened, the gradient flattened, and the 
incline divided into two hanks. Tho steepest gradient is 1 in 37, for a length of 4 
miles 30 chains 5 and tho same introduction of n level portion is adopted here as on 
the BhSre Glinut. Tho radius of the curves ranges from 17 chains to 100 chains, 
nnd 3 miles 28 chains avo straight. Thera are 13 tunnels, of a total length of 2,(352 
yards. The longest are, one of 474 yards, in black basalt, with two shafts, and 
another of 483 yards, without a shaft, in greenstone, There are six viaducts, of a 
total length of 741 yards, the largest of which are respectively, 144 and 250 yards 
long, and 83 feet and 182 feet high. The latter is designed for three spans of 
triangular iron girders measuring 150 feet, with a pair of semi-circular abutment 
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arches, measuring ‘1(1.led at eneh mil. There mv iiltceii bridges, of m hid, t | 1( , < 
varies from 7 fret to .‘10 led, and sixty-1 wo culverts. '['lie cost ol the incline will p. 
about £4.1(1,000. The preliminary surveys ami dailies occupied four yeava 
works were eummeneeil in October, 18.17. 

The next section of the Norlh-Riistern Extension runs from the summit of thcTtol 
GhauL lilt line, at Egutponra, by Nnsxick, across the. furl ilo valley of the Goilaverr 
imd the Indluulrco range. of mountains, along KluiudeixU to Blmsawul, the point ol 
junction with the OoiurnwuUee and Nag].ore Brunch. The character of this line ; s 
very similar to the corresponding scciiou of the tsonlh-Easlern Kxtension, fiom tV 
Bhdro Glmut to Sholnpore, and Ihe nntme id' the enWhwork is niueh the smne. Tto 
prineipal works upon it arc-—n viaduct over the Giiduvery, Hj yards in leiMli 
consisting of nine arches -Hi feel, in span, with a Hood stream 3(1 feet deep, 
foiindnliims upon rock, excavated f hroiigh aand; the Kailoo Viaduct, 212 jauMu 
length, with lil’leen arches 10 feet, in span ; the JUnimair Viudnet, with five opening, 
spanned Iiy Irinngnhir iron girders, mid Ivvo pairs of nlmlmeut arches; and the 
Wmigoor Viiulnel, with ten openings, also spanned l>y iriangnlav iron giulets. The 
section contains twenty viaducts, hvo hundred and scvcnly-iiiuc bridges, mid four 
hundred and thirly-livo eulverls. 

The Iasi seel ion of Ihe Nnrtli-JOustcrn Extension runs from lihosmvul to Juhbul- 
porc. If is 1128 miles ill length, and was ctuilraclcd lor by Messrs, Duckett ami 
Stead, in January, 18,">!1. As (ho operalion.-, mv, in a preliminary state, it. is only 
necessary to noliee flic two very large viaducts over the livers Tuptec and Ncrhmlda 
Tim Tnpfee Vimlnet is H7d yards long', conmstiiig of live openings of 1118 feet and foni- 
tcun openings of (10 feet, and twenty arches 10 feel, in spun, with a flood stream 7fl 
feet ill depth, and foundations upon rocks. Tile Neebndda Viaduct will he about 337 
yards long, Kill feet high, with a Hood stream ‘.10 feel deep. 

The Ooiiiraiviittee mul Nog pore Itriuieh is about 2(!!l miles in length. As the line 
lms not yet, been entirely slaked out, no delnils can, at, present, lie given; but its 
general cliimiotev is known to bo favoralde, and the works are light, The largest 
works will ho Ihe viaducts over ilio rivers Nnigunge and Wtivdnh. 

'There is no tunnel beyond the Ghants, upon any of the lines now mulct construc¬ 
tion, comprising a length of 782 miles. 
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TRAFFIC. 

24S. 'Hie arrangements for traffic are mirier Ilia control of tlio Traffic 
Manager, subject, of course, to the orders of tlic Agent or General Mana¬ 
ger of the line. It is his business to determine what trains arc to run and 
at what hours, and to fix the tariffs. In India, however, all such arrange¬ 
ments are made in concert with Government, whoso consent is necessary, 
as expressed through its Consulting- Engineer. 

The questions of fares for passengers and for the, different classes of 
goods—of working expenses—of the rates of speed to be maintained, &c., 
&c., are very complicated, and depend upon a variety of considerations, 
which hardly come within the province of an Engineer to decide. 

249, The following statistics for 18G5-GG, refer to the E. I. Railway, 
the most important line in India:— 

The mean length of Railway open for traffic during- the year ending 
31sfc December, 18G5, was 1,128 miles. 

The line on the 21st December, 1865, was stocked as under:— 

liOWBE Division. IT print Division. 

Passenger engines, .. 5,1 Passenger engines, .. 37 

Goods engines, .. -18! Goods engines, .. 4G 

Traffic vehicles of sorts, .. 0,517. 

The gross earnings for the year, including Steam Ferry receipts, amount¬ 
ed to Us. 1,84,45,976; the working expenses to Es. 83,09,840; and the 
profits to Its. 1,01,30,036. 

Die results of the year’s working were very satisfactory, the expenses 
forming only 44-5 per cent, of the gross earnings. 

Assuming the cost of the Railway to be Rs. 2,00,000 per mile, the 
approximate dividend amounts to 4-3 per cent, per annum. 

Coaching yielded 3G-8 per cent, of the entire traffic, and merchandize 
fil'3 per cent. 
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Coaching receipts per train mile were Its. 4-5-0. Merchandize receipt 
per train mile wore Its. 4-0-3. 

The total earnings per train mile were Us, 4-4-0, and the profits 
Rs. 2-5-0. The gross earnings average £29 per mile of Railway p er 
node. 

The following Statement shows tlic goods traffic of tho year by classes:— 




Tiumc 

iv Gonnq. 

Average mileage 
per mouud 

('Ins*. 


M'uuntln vuuiwL 

llecL'ipts tlici con. 




111 J8O0. 

3 n 18GB. 

1865 

First class, .. 


4C.84.818 

41,90,002 

ns. 

21,07,940 

13,10,051 

316-3 

182-5 

Second das',, 


17,12,007 

0,20,419 

19,07,204 

4,01,700 

411-5 

105 0 

Third class, .. .. 

J «P ■ • 

'’ | duuu 

3,.‘ll,G8i; 

11,20,308 

4,01,803 

21,03,032 

302 8 
337-0 

Fourth class, 


2,00,158 
2,415,001 

0,28,171 

4,38,01+ 

360 S 
2895 

Fitth class, ,. 

i "I’ ■ • 

■ 1 1 down 

34.333 

13,012 

1,48,298 

42,380 

412-3 

237 5 

Special class, coal, 

i up .. 

’' | down 

03,049 

0,29,097 

0,190 

87,093 

308-2 

335-5 

Special class, goods, 

| up .. 

1 " 1 down 

0,7G,202 
G2,81,010 

2,11,499 

10,00,020 

90-2 

G8-5 

Total ot all classes, 

( up.. 

■" 1 down 

70,02,342 

1,29,19,128 

00,49,200 

07,87,801 

327-4 

221-5 


The following table exhibits tho Passengor traffic of the last two years 
by classes :— 

Tho Passongcr Pares are as under:— 


First class. 

Socond „ ., .. .. ., ., 

Third .. 

Upon Third class between Howrah, Eancogungc, 
and intermediate stations only,. 


AS. n. 

1 G per mile. 
0 0 „ 

0 3 „ 

0 4 } „ 
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Classes. 

Number convejed. 

Avn age 
mileage. 

Receipts from 
Passengers. 

1865. 

1865. 




RS. 

First class,. 

32,300 

12G 

3,87,710 

Percentage of entile traffic,.. 

08 



Second class, -. • • • • 

83.27G 

100 

S,9i,lSG 

Percentage of entire traffic,.. 

1-9 



Intermediate and third class, 

4,133,975 

78 

5,106,787 

Percentage at entire traffic,.. 

97-3 




The traffic of tlie metropolitan section between Calcutta and Burdwan, 
671 m iles, greatly exceeds tlie average of the remainder of the line. 

2j 0, In order to provide duly for the public safety, regulations are 
made from time to time, as to the minimum intervals at which trains are 
to follow each other, and as to the rates of speed to be observed; maxi¬ 
mum rates being specially fixed for running round any severe curves on 
the lino, which should on no account be exceeded. 

It has been before observed that, in tlie case of a double line, one line is 
reserved for the up and one for the down traffic; the terms up and down 
being of couvse conventional. When a single line only is laid down, 
certain stations arc appointed at whiclr every train as it arrives, stops, and 
is shunted, until tlie train coming in tho opposite direction has also 
arrived and passed it on the main line. 

In order to work those and other arrangements which are essential to 
safety, a line of Eleotric Telegraph Is required along the Bailway, as also 
a proper code of Signals. All lines have their own bye-laws and rules for 
signals, but those now in use on English or Indian lines are p/etty much 
the same. 

Signals are either moveable or fixed; the former consist of flags by day 
and lamps by night, of different colors. Bed, generally meaning danger; 
green, caution; and white, safety. 

Fixed signals consist of semaphores, with arms of different colors, and 
which can be raised or lowered or fixed in different positions by levers 
worked on tlie spot, or by means of wires from the station a short distance 
off. These latter arc called distance signals. There are also Fog or De¬ 
tonating signals, used when the weather is thick. 





251. The following rules arc ex-tracled from. Lhose in use oil one cf 
fclio most recently opened English lines:— 

Siowrs.— Color .—Rod is u signal of danger, and to stop Gieen is b 
signal of cautioil, and to go slowly While is a signal of all light, andtj 
go on. 

Slop .—The signal to stop will bo given by a red flag, disc, or light, or 
by the loft hand side aim of tlio semaphore being 1 awed to a horizontal 
position.— Fig. 1. 

Go Slowly. —Tlio signal to go slowly will ho given by a green fh» 
disc, or light; or hy the left-hand side arm of the semaphore being iaised 
luilf-way np — Fig. 2 

Go on .—The signal to go ou will he given by a white flag, disc, nr 
light; or by the left-hand side arm of the semaphore being within the 
post — Fig. 3. 

When both arms of the semaphore uro raised, both lines are ob¬ 
structed.— Fig. 4. 

Tn the absence of regular signals, anything moved violently up and 
down, or a man holding both hands up is a signal to stop.— Fig. 5. 

A man holding one arm up, is a signal to go slowly.— Fig. C>. 

A man holding libs rigid, arm in a horizontal position, is a signal to go 
on.— Fig 7. 

Tlio semaphore signal is invariably made from the left-hand side of the 
post, as seen hy tlio approaching engine-dliver. 

• Intermediate Station or Junction. —On a Train or Engine stopping at 
or passing an intermediate station or junction, a stop signal must be exhi¬ 
bited for five minutes; after which a caution signal must be exhibited for 
fivo minutes more. On a Train or Engine passing a level crossing or 
siding where a signal-man is stationed, llie stop signal must be exhibited 
for two minutes; after which a caution signal must be shown for eight 
minutes more. 

Distance Stonai.s.—A t some of the stations, and at other places ou the 
line, distance signals are placed in advance of such stations or other places. 
These must bo placed to “Caution” when the train has to stop at the 
station, place, or siding, and so soon as the train has come within them 
raised to “ Danger,” at which they must remain until the train leaves the 
station, siding, or other place, when they will bo lowered to caution and 
remain there three minutes. These signals arc intended to warn the 
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eu'dnemen ami guards that similar signals of danger are exhibited at such 
stations or other places. They are, however, merely auxiliary to the fixed 
signal in connection with which they work. 

Jravrios Sionai.8.— Many of the junctions are provided with two 
semaphore signal posts; and tho signals for each line are shown on the 
signal post appropriated to it: the post for the main line being always 
on that side of tlic branch signal post which the main line takes, whether 
it may be to the right hand or the left. 

At all the junctions the semaphore arms for day, and the lights for 
night signals, always stand at danger; and no Engine must pass without 
the arm is lowered to caution, or the green light is shown. 

Enginemen will give the following signals on approaching a junction :— 
If tho train is intended to pass along the main line, the enginemen must 
give one long, distinct whistle; but if the train is intended to pass along 
the branch, the engiuoumn must give three distinct whistles; in accordance 
with which the pointsman will turn the train upon the main line or branch, 
as indicated by tho respective signals. 

Whenever two trains are approaching a junction at the same time, both 
are to be stopped; the pointsman will then start that train which ought to 
taken the precedence; and passenger trains are always to precede goods, 
enttle, or mineral trains. And when there are two passenger trains at a 
junction at the satno lime, the one which is first due must be allowed to 
proceed first. 

Thais Shikars. —Every engine belonging to this Company must carry 
by night a white light on the buffer plank, for passenger,.and a green light 
for all other trains. 

Every train, after sunset, must carry two red side lights and one red 
tail light. 

A red hoard or flag by day, or an extra red tail light by night, attached 
to the back of an engine or train, denotes that an extra train is to follow. 

Level Crossings, &c., &c. —All level crossing gates of public highways 
must be provided with lamps, showing red up and down the line when the 
gates arc closed across the lino, 

Rules for. Engine Drivers. —Each enginoman, before starting, must 
obtain a printed form, provided for the purpose, upon which he must enter 
the quantities of all the coke, oil, tallow, &c., received by him during the 
day, as also the number of miles run, under their respective heads; and the 
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return must be given in to Lis foreman every evening, or before ten 
o’clock the next morning, under a penalty of one shilling for each neglect 
thereof. 

Every engineman must have with, him the following tools, &c., and he 


will be held responsible for having 

1 Complete set of screw keys. 

1 Large and small monkey wrench. 

3 Cold chisels. 

1 Hand hammer. 

1 Ciowhav. 
t iFire bucket. 

Cange, and head and tail signal lamps. 
Quantity of llax and twine. 

1 Largo and 2 small oil cans. 


them always in good condition 

1 Screw jack. 

2 Coupling chains, with books. 

1 Tallow cun. 

1 Hod signal flag. 

1 Time book. 

rings for tubes, with a plug rod and 
quarter Imimnor. 

0 "Detonating signals. 


Enginomen on bringing up their trains are to pay particular attention 
to the gradients, stato of the weather, and condition of the rails, as also to 
the length and weight of the train; and these circumstances must have due 
weight in judging when lo shut off the steam, and when to apply the breaks. 

Method of worUmj a single line let ween the stations A and B, with an in¬ 
termediate Station, ft .—A Train staff or train ticket is to'bo carried with 
each train, to and fro, without which no engine is to be allowed to start. 

Two train staffs will bo employed, via., one between A and S, red-, one 
botwoen S and 15, hlw. 

No engine, or train is to lie permitted to leave either A, S or IS, unless 
the Staff for the portion of the line over which it is to travel is then at 
the Station. If no second engine or train is intended to follow, the staff is 
bo given to the Guard or person in charge. 

If another ongino or train is intended to follow before the staff can be 
returned, a train Ticket, stating “ Stall following," will be given to the 
person in charge of the loading Train, tho staff itself being given to the 
person in charge of the last train, after which no other engine or train 
can leave the Station, under any circumstances lohatever, until the return 
of tho Staff. 

The Train Tickets are to bo kept in a box, fastened by an inside spring; 
the key to open the box is tho train staff, so a Ticket cannot be obtained 
without tho train staff. 

The Train Staffs, Ticket boxes, and Tickets are painted or printed in 
two different colors, red between A and S, and bine between S and B. 
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The inside springs and the keys in the Staffs being so arranged that the 
red Staff cannot open the blue box; nor the blue Staff the red box; this 
j 3 to prevent mistakes at S. 

The Ticket Boxes are fixed by two brackets in the Booking Office, the 
brackets being turned up at the end to receive the Train Staff when at the 
Station. 

The Clerk in Charge, Inspector, or person in charge for the time is the 
sole person authorised to receive and deliver the Staff. 

252. The general charge of the engines of a line is under the Locomo¬ 
tive Superintendent, who is assisted by one or more foremen of locomotives. 
The names of these sufficiently explain their business. Every engine has 
or ought to have its own engine driver, (as well as fireman,) as it is a well 
known fact that no two engines though turned out of the same workshops 
and from the same patterns, will work exactly alike. The engine driver’s 
post is one of great responsibility, and requires presence of mind and deci¬ 
sion of character as well ns a thorough knowledge of bis business. 

Every train is under the charge of a Guard, to whom the engine driver 
looks for orders as to stopping or starting, and who when the train is at a 
station is under tho orders of the station master. Tho guard signals to 
the engine driver by a whistle, and a means of communication between the 
two is provided to be used when the train is in motion and the whistle 
cannot be heard. There ought also to bo a proper means of communication, 
between the passengers and guard, by which his attention can be called to 
any particular carriage if necessary, but though it has often been urged, 
on very few lines has it been carried out. 

Every station has a Station Master, assisted by a staff of porters, &c., 
who attend to the local traffic whether of passengers or goods. 

Besides these officials there are also at tlio terminal stations a Good's 
Superintendent, a Superintendent of Worlcshops with his staff, and others 
whom it is not necessary hero to mention. 

For the Engineering duties of n line when made and opened, there is a 
Resident Engineer, with one or move assistants or District Engineers, and 
a staff of Inspectors of Permanent Way or Foremen Platelayers, whose 
duty it is to inspect their section of the line daily, and see that it is in 
proper order; they aro provided with gauge rods to see that the gauge is 
accurately preserved. 

VOL. ti. 2 v 



CHAPTER SLY, 

HORSE RAILWAYS. 

351!. Ai.r.usiou lias Leon already nuulo in the first chapter of (his 
section to light Jiranch Railways, now under construction in India,—which 
arc intended to bo more cheaply constructed than the mainlines, and to be 
worked at low speeds. The sumo principle.;! may bo carried yot further; 
and in districts whore cheapness of construction and working is of more 
consequence than speed, lior.so or cat,tic power may bo advantageously 
substituted for the locomotive. 

The saving in such a system will consist chiefly in ilia lighter kind of 
permanent way and rolling stock that may be employed on such a line, 
though move saving may also ho effected in Iho sharper curves and steeper 
grades that aro allowable for low speeds, and in the less expensive dia¬ 
meter of the stations. Bnt it will be better ns a rule in constructing all 
such linos to continuplato the probability of locomotives being hereafter 
substituted as the traffic develops, and it will generally be had economy 
to estimate any saving on an ordinary railway in tho roadway itself np 
to formation surface. 

Tho whole question is so obviously ono of expense, both as regards 
first cost, traffic, and working expenses, that it will be sufficient to give 
tlio host data available, and leave tlio Engineer to ajiply the same princi¬ 
ples to any particular case with which bo may have to deal. 

354. The following estimate, drawn out by Sir William Denison, has 
special reference to tho Madras Presidency, but, will be found in most 
points generally applicable :— 

Home Railway .—The cost of the earthwork, and of the bridges, and 
culverts, would be rather loss on tho railroad than on. the macadamized 
road; for while it is noL ini,ended to modify the gradients in any way, or 
to add to the cuttings and embankments, except on very special occasions, 
the width of tho road may be loss. J do not, however, propose to make 
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au y deductions on this account, but shall assume the cost of the earth¬ 
work and bridges and ballasting - , at the same sum as for the macada¬ 
mized road, viz., £750 per mile; (sue ante p. 183), setting the metalling 
against the ballast of the Hallway. The cost therefore, of a railroad 
will be found by adding to the cost of the macadamized road, that of 
the purchase of rails, chairs, and sleepers, and that of the labor of fixing 
them. 

The weight of the rail used at first on the Manchester and Liverpool 
line was 35 tbs. to the yard, and it seems to mo that, for horse traction, a 
roil 28 tbs. to the yard would be amply strong- enough; and as 2,0(J0 yards, 
or an addition of 2-19 yards to the mile, will he sufficient to cover all sid¬ 
ings, &c., 2 x 28 x 2,000 = 112,000 lbs., or 50 tons per mile, will be 
the weight of the rails. These can be delivered at Madras at £8 10s. per 
tou, and an additional 30s. per ton, making a total of £10 per ton, will 
cover the charge for conveyance, so that £500 will be the cost per mile of 
the rails delivered upon Ilia road. Timber sleepers have been found to 
decay rapidly in this climate; I should therefore be inclined to recommend 
the employment of stone blocks as supports for the rail; in many parts of 
this Presidency, where the gneiss crops out on the surface, the stone block 
would be far cheaper in first cost, and far more durable than any other 
description of sleeper; but, ns these may not be attainable generally, I pro¬ 
pose to allow for the use of the iron pot sleepers, which have been employ¬ 
ed outlie Railway. For the liorse traction line those may be made lighter 
than for the locomotive line, but 1 propose to allow for the same weight 
and price, that is £1 iter pair of sleepers with the connecting tie-rod. I 
shall allow, however, for a bearing of five, instead of four feet; the 
cost, under these conditions, of chairs and sleepers will be £1,200 per 
mile. 

The cost of laying the railway may be pul as on the Locomotive line, 
at per yard run, the cost for 2,000 yards would therefore be £87 
10s. 

In order to make the action of this railroad perfect, it should be pro¬ 
vided with a lino of Telegraph; and the cost of this, judging from the 
amount expended upon that on the Madras lino of railroad, will be £90 
per mile. 

The whole cost of this railroad for animal powei per mile will then be 
as follows :— 
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EnithvrOik, mUuiling ballast 01 metal, 

& 

300 

, 

10 

d 

o 

Bnilges, culveils, Sc., . 

302 

10 

0 

Rails, . 

BOO 

0 

o 

Chins nnrl sleepus, .... 

■ 1,200 

0 

o 

Flung mils, ... 

37 

10 

o 

TeloRinpli, . 

90 

0 

0 

fetalilcs and lest-lioeses, 

B0 

0 

0 

fcumlues, .... 

Supcnjutemleiac, Sc , ... 

-10 

0 

0 

70 

0 

0 


£2,027 

0 

0* 


An allowance must be made for the worn and tear of mils and sleepers 
The actual wear of the road itself -svill be very much less of comse than 
that of the macadamized road, for the iron mil takes the action of the 
wheel; if, then, the mils and sleepers aie lenewed in twenty yeais, one- 
twentieth of the whole cost may be provided as an annual ehaige; and as 
this cost is £1,700, ono-twentieth of that sum will be £85, One-lwlf of 
the ordinary sum of £30 will be sufficient to cover the cost of other re¬ 
pairs ; so that 85 -f- If) = £100 will cover tlie cost of the maintenance 
of tho Railway for animal power. 

Coit of Ilaular/e.—l have now, however, to foim an estimate of the 
cost of conveying tho same quantity of goods, and the same number of 
pnssongors, along a Hallway by moans of animal power. 

Tho number of fust-class passengers has boon pmt at 3,220, or roughly 
10 per day, or 5 each way. To convey these one first-class oairiage would 
be required, which would travel at the rate of 10 miles pei hour It 
would be drawn by two horses, and would bo capable of accommodating 16 
passengers. Tlie dibtaiicc of 41-25 miles would bo divided into five stages, 
each pair of horses going a stage out and a stage back, or about 16 miles 
per day; a spare carriage would be required and a spare pair of horses 

The capital expended would be— 

Z £ t (l 

3 Carriages, .at 2E0 = 750 0 0 

12 Koises, . . . . aL 15 = CIO 0 0 

10 Sots liiunoas,.at 10 = 100 0 0 

Total, . £1,090 0 0 

152,000 second-class passengers divided by 3G5, will give 416 as the daily 
number conveyed both ways. It will, howovor, bo necessary to recboD 

* Tina eatimato agiocs closely with Captain YuIo’h cat of til call mala, itilns project for a railWij 

in ftolvilkuncl, of a Gal tic Di aught Hue, at Kb 20,BOO pci mile , but this includes ftfl. 2,G32 for plan 
wwb wagons, ’which uao chargeable to draught mthen Limn corah notion It is considerably highs: 
than Sir, 'Wllgoh’s estimate for a light Railway to bo worked by locomotives -[Ejd.] 
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npou some extia pressure occasionally; and carnage accommodation must 
be provided foi, say, 240 each way, or 4S0 altogether Each carriage 
W ill contain 30 passengers, and will be diawn by two horses at the rate 
of about 6 miles per hour; travelling the same distance as the horses 
drawing the fiist-class carnages. 

Tlje total number of carnages and horses lecpiired for the actual work 
will, theiefore, bo 16 carnages and 80 hoises , hut it may be as well to 
estimate foi 20 carnages and .100 horses 
The capital expended, then, upon rolling stock and animal power will 
be— 

G X s d 

20 Cranages, ... . at 230 = fi.OOO 0 0 

100 IIoisls, . . . . . nt 40 = 4,000 0 0 

16 Sets harness,.nt 10 = 160 0 0 

Total, ... £9,100 0 0 

32,000 tons of goods may be put at 100 tons pel day, or 50 tons each 
way 

Three tons may bo allowed for each truck, and 34, theiefore, would be 
requited; each would be drawn by 3 bullocks, 6 extia trucks might he 
allowed to meet casualties; and u few cretin,bullocks should be puichased 
As the daily journey of a bullock may be put at ten miles, the distance of 
41'25 would be divided into four stages; so that 12 bullocks would be re¬ 
quired for each tiuck, 40 x 12 = 480, would be in daily use, or say 
500 to cover contingencies. 

The bucks ought not to cost moie than £100 each, and the bullocks 
£15 the pair 

The capital, therefore expended upon the rolling stock and animal 
power foi the goods traffic will be— 

£, s. d. iS s. d. 

40 Cauiages, nt . . ■ 100 0 0 = 4,000 0 0 

500 Bullocks, at . . . 7 10 0 = 3,200 0 O 

Total, ... £7,250 0 0 

The total amount of dead and live stock required for the conveyance of 
passengais and goods along a Railway worked by animal power would be 
as follows:— 

£ s. d. 

Tnst-clnss passengers, ...... 1,390 0 0 

Second-class do., ... . 9,1G0 0 0 

Goods,. . 7,250 0 O 

Total, ... £17,800 0 0 

Say £18,000. 
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The annua] charge may be estimated as follows: — 


Interest upon -1118,000, at 5 per cent., ... = 900 0 0 

'Wear mul tear of i-nrritiges and repuiis, 15 per 

“at., 0". 9,750 = J,4C2 10 o 

Cost of lo-plncing horses mill bullocks, 15 per 

''"it., on . . _. 7,790 = 1,1C8 19 o 

Repairs mill U'-plncing harness, 20 per eunl., on . 200 = 52 0 0 

Keep o£ 112 liaises, ill 1121 each, ... = 2,088 0 0 

Keep of 500 bullocks, at H8 each, ... = 4,000 0 '0 

Hire of 20 coachmen, at .Cfil) each, ... = ^qqq q q 

Hire of 1GG bullock drivers, at CIO each, . . = q q 

Kepnrrs oi .stables, at 5 per cent, on . . . 2,000 = 100 0 o 

Telegraph, &e., charges as on loeoiuoliso line, . = 11 9 o 

General charges, including eleiks, &e., . . — 442 11 n 


'fetid ... £13,183 9 0 

This sum divided by the total distance -11'25 miles, will give the cliaige 
pur mile for traction, .-Eo02 12s. lOuf. 

255. The following Notes are extracted from a .Report drawn up in 1855, 
by Captain Yule, It. 15., on a projected light Railway in Eohilcund:— 

We have in this country no cattle-draft railway for general traffic, though 
wc have at Eoorkee, ami also, i believe, at, the great, Godavery works, 
light railways in operation for special constructive purposes. There is, or 
was also, the Retlhill railway at Madras, established for the purpose of 
bringing road metal into the city; but J find no account of it accessible to 
me at present. 

iSuch railways English books now utterly ignore. The idea of railways 
for general traffic, liad scarcely begun to he taken in by the public mind in 
England, when the Mipenitliled invention of the locomotive engine took 
entiro possession of tlio bold. Yet liorso railways arc still worked, I be¬ 
lieve successfully, in Germany; and in America they were, at the com¬ 
mencement of tlio railway system, numerous. The American edition of 
“ Woods’ Railways” contains an account of many such. 

If they can be worked with profit at all, the advantages they hold out 
in the power of working with so much lighter material and loss costly es¬ 
tablishment in this country, where so much costly material and costly 
management lias to bo imported for tlio working of a locomotive system, 
must strongly recommend them whore there is a considerable, but not 
unlimited traffic to be expected. 





HORSE RAILWAYS. 


295 


la the comparison between animal ami locomotive power fur the project, 
^rfidients will not enter much into question, excepting at some of the 
budges, and the earth-work will form so small a proportion, probably, of 
cost, that little can be saved on it by preferring the former. Steeper gra¬ 
dients may be admitted, if necessary, on the cattle railway, not because 
cattle are at all loss sensible to the tendencies of gravitation than locomo¬ 
tive engines, blit because the remedy of additional power can be more 
cheaply applied, where wanted. 

In such a railway, as wo now propose, there would be no object that I 
can see iu keeping the gauge of the East Indian Railway. We make the 
railway for cattle draft, and adapt it to that. Neither the way nor the 
establishment will be prepared for locomotives, and it may be as well to 
make it impossible for the locomotives, at least of the East Indian Railway, 
to come upon the line. Wo must have a break of line, where we meet the 
East Indiau Railway, and it may as well be a break of gauge. 

The narrower gauge enables us to make some reduction in the cost of 
works and way, and a larger reduction in the cost of wagons. I therefore 
propose that the gauge should not exceed 4 feet G inches. 

The rail intended to bo used is the llat-soled American 
pattern, used on the Croydon, the Birmingham and 
Gloucester, and many German lines, giving it a weight 
of 30 lbs. to the yard. 




A/S^s ./s, - y—j 




Estimate for one mile of Cattle-draft Hallway for a main line in 
JlohilLmnd. 

ES. 

Earthwork, averaging 4 foot, high, anil 10 feet wide at top, 
slopes 3 to 1, cubic feet. 4,6-1,<140, at Rs, 2, .. .. .. .. 929 

Sand ballast, 1 foot thick, cubic feet 3G,900, at Rs, 1 per 100, 370 

Bnclt, or natural ballast, i foot thick, cubic feet 18,480, at 

at Ra. (5. 1,109 

Longitudinal timbers, 8 inches x 4 iuehea, 10,BOO running 

feet, or cubic feet 2,347, at Es. 1,. .. .. 2,347 

Cross-ties , 883 in number, or cubic feot 978, at Rs, 1. 978 

Spikes, 4,000 lbs., at 3 annus, . .. 750 

Laying mag, per yard, Rs. 1, . 1,760 

Bails, 30 lbs. to the yard, 48 tons, at Rs. 1G0, . 7,080 


15,923 
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Add : — 


Fur sidings ^tli,. 

li’or rulurrfs and small bridges bnclc-vor/i, 0,000 cubic 

feel, at Ils. 1G,. 

I'or large bridges, .. . 

For station buildings, .. 

Fencing and gates, . 

Plant and wagons . 


ns. 

1,592 

960 

3,893 

800 

800 

2,532 


Total Rupees per mile, .. 26,500 


We have in this cormiry an establishment, somewhat analogous to that 
of a good railway, in the Government Bullock Train, From data, lately 
furnished to me by the Superintendent it appears that the cost of transport 
by the Train, averages little under 1 anna per ton per mile. And as a 
horse can draw at least eight times as much gross weight on a level rail¬ 
way as it can on a level turnpike road, wo might divide one anna by eidit 
and call that the amount of working expenses per ton pier mile. 

It is however to be remembered that the Bullock Train establishment is 
in happy ignorance of the expenses of road maintenance, which are charg¬ 
ed to another department. "Neither is it self-dependent in the matter of 
establishment, which for the most part, is identical with that of the Post 
Office. A part is charged to tho Train, hut of course this is less than if 
the transport system stood alone. And, not to go into other sources of 
enhanced expense, the, cost of “ rolling stock” adapted to a railway will be 
in a heavier ratio than in the ease of the Bullock Train. 

The great difficulty that I foresee on a' catXlo railway will be that of 
keeping our rolling stock within reasonable limits. Draft horses for a 
purpose such ns ours, can scarcely bo said to exist in India, and wc must 
therefore look to oxen for our draft. Oxen move slowly, and we must 
consequently keep up a larger establishment of wagons. Slick speed as 
we expect to gain over that of the present country transport will be rather 
by tho advantage of relays and constant movement, than by any great 
acceleration of rate whilst in motion. 

Let each wagon be supposed to carry two tons. For 
30,000 tons to bo moved at once, we should require ... 15,000 wagons. 

These wagons travelling day and night, we may sup¬ 
pose to accomplish the journey of 120 miles in 3 days, 
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auJ tu return iu tlic same, halting on Sundays. We 
m ay therefore count on the same wagons starting from 
Bareilly once a week, or making 48 trips in 300 
days. 'We require, then, to lcoep up this traffic, ., 350 wagons. 

Or allowing 150 spare, as our establishment, ,. 500 wagons. 

The cost of these is supposed to bo included in our 
mileage estimate of construction. But the carts may be 
expected to require renewal at least every five years. 

Supposing the cost of a wagon to ho 500 Its. then ^f 9 - 
X 500,.. .. .. •• .. i. •• Rs. 50,QQQ for cart repairs (a) 

Next for Cattle— 

The Bullock Train establishment obtains them at a contract rate of 12 
nipees per pair per month. But I fear that our large concentrated demand 
would scarcely obtain cattle at so low a rate. Let ns say ha)f a rupee per 
diem for the pair. 

Allowing two wagons, or four tons nett to a pair of bullocks (and 12 
miles a stage, tbe piactice of the Bullock Train), to carry at once our load 
of 30,000 tons, would require 

7,500 x jf .(Rs. 75,000}—-pairs of bullocks. 

Or, divided over 300 days, .. .. (Its. 250)—pairs. 

We may find, however, that we have to pay such a rate as will cover tha 
hire or keep of the cattle for the whole year, or 305 clays, instead of 300 j 
hence 250 x R. X 305, Rs. 45,625 for the cost of 
cattle (5) 

Establishment it is more difficult to estimate. But as 
one reason in favor of a cattle, rather than a strain rail¬ 
way, is the expectation of preserving a moderate scale of 
establishment, probably something like this would suffice, 

Superintendence of works and traffic, Rs. 1,500 

Two terminal stations,.„ 700 

Ten minor stations, .. . / .. „ 1,500 

Monthly, .Bs. 3,700 

Or Annually,.Bs. 44,400 for establishment (c) 

Maintenance of way. —With the slow movement of 
a cattle line this ought not to be heavy, say Bs. 150 

per mile,. 150 x 120 == Rs. 18,000 for maintenance (d) 

2 Q 


VOL. n. 
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Tha account will stand thus:— 

ns. 

Repairs of rolling stock, &c., 60,000 

Hire of entile, . 45,626 

Establishment, 44,400 

Maintenance of way.. .. ,. 18,000 


Total .. .. 1,58,025 
Or per mile, .. .. 1,317 

Tha cost of carrying 1 ton n mile will be 

Rs. 1,58,025 „ „„„ , 

30,000 x 120 . 0-702 Annas - 

The present average cost of transport by country carts is 1-8 annas par 
ton mile. 

The gross receipts on 30,000 tons, would be per mile:— 

S3. 

At 1$ anna, .. 

Or 0 1} nmm, .. 

And the cxponscs being, as above, . 1,317 

The nett revenue, per mile, will ho, . 1,496 

Equal to fi'G l per cent, on construction, or. 1,027 equal 

3'9 per cent. 














SECTION X.—IRRIGATION WORKS. 


236, Irrigation is either Natural or Artificial. The former depends 
upon Rain, upon Wells, and upon the flooding of Rivers. The latter 
comprises two important classes of Works—Canals and Tanks—which will 
be treated of in their proper order. 

With Rain Irrigation the Engineer has nothing to do except tinder the 
head of Drainage of Lands; a separate branch of Engineering which will 
only be treated of incidentally under this Section. 


CHAPTER X L V I. 

WELL IRRIGATION. 

257, With Well Irrigation the Engineer’s chief business is to devise 
machinery for raising the water, which more properly belongs to the subject 
of Mechanical Engineering. 

It may be useful however to show the cost of raising water by the 
various methods generally used in India,—if only to show the utility 
of introducing Canal or Tank Irrigation even in districts already irrigated 
hy wells. Some idea may bo formed of this when it is considered that 
the Ganges canal alone is calculated to perform the work of 300,000 men 
and 1,200,000 bullocks, besides increasing the produce of well irrigated 
crops by 50 per cent. 

The three modes in general use for raising water from wells in India are 
the Paecottah for Bengal (and (I believe) Southern India, when tanks do 
not exist), the Mot or Churns for the N. W. Provinces, Rajpootana, &o,, 
and the Persian Wheel for the Punjab. 

The Paecottah or Latha, is a lever with a bucket at one end attached by 
a rope, and a counterpoise at tho other end. It is worked by two men, 
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who will work at it from G to 8 horns daily, and, it is said/ they W ,U m p 
horns raise 2500 cnhio i'oot of water from a depth of 20 feet. Another 
calculation! however gives 1057 lbs. ol water as drawn from a depth of 
36 feet in half an hour, equivalent to 2G0 cubic feet in G horns, and tin 
result, making allowance for the difference of lift, differs so widely f 10ni 
the first, that neither can ho taken as n, guide. When the depth is mokr- 
ato (according to the same authority) three mull with two latlias will water 
from onc-tliird to two-tliiids of an acio daily. 

Tho walking beam is another form of the paecottali, by which one man 
it is said,! can raise 400 cubic feet in a working day of 8 houis fiom a 
dopth of 11 feet, which agioes better with the second of the two calcula¬ 
tions given above. 

The M6t or Churns used in the N. W. Piovmecs, and elsewhere con¬ 
sists of a leathern bag made from a whole ox-hide, winch, uhen filled 13 
raised from the well by 2 bullocks walking down a slope, and emptied by an 
attendant on anival at tho top. Sometimes it is fitted with a leathern 
pipe at the bottom of the bag, which, by means of a stiing, can be worked 
by tho bullock diiver 1’iom (lie end of the slope, so as to empty the bag 
and dispense with the services of the attendant. Sometimes also by means 
of a drum two melts are woiked, one being laised while the other is 
loweiod. 

“Three men and two oxen work a mdt from morning until evening, 
with a vefioblnnenl only of about ^Ihs of on Lour. In a well 03 feet from 
the surface to the water, a mdt m luilf an hour drew 7210 Ills; but suck 
superiority over the latbns is not admitted by tho natives, who contend 
that three latlias wrought by four men aio equal to a mot \viought by 
three men and two oxen. This however, T have no doubt, is a mistake, 
unless when the water is veiy near the surface.”§ 

I “ Prom personal measurement we deduce that a leather bag as vised 111 
tho North-West FiovinceH, contains 4-5 (four and a halt) cubic feet, and 
tliat two pair of bullocks, relieving each other in the manner above des¬ 
cribed, will raiso this bag full of water to the surface of the giound forty 
times in an hour. Supposing the bollocks work ten hours a clay, and tak¬ 
ing ninety days as tlio working season, wo have tho following result;— 
45 x 40 x 10 X 90 = 102,000 cubic feet. One acre = 43,560 su- 

* JlncUas Engineer Pnpois, Vol II t Cllennlnes in Science, Vol TI. t Olenmnga In lienee loll 
§ (Hennings ol Science. || Cftlcukn Bngincoi^ Joimml. 
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pcrfidal feet. = 3-72 acres, covered 1 foot deep with water, as 

the result of the labor of two pairs of bullocks and three men, working ten 
hours a day for ninety clays. From the above description of the well 
system of Irrigation, it will be seen that it is very expensive, and can only 
be of very restricted application. 

“Beside the objection of expense in working, tins system is guile im¬ 
practicable in large tracts of the Doab, as the sandy nature of the sub-soil 
entails the necessity of masonry wells, and it is quite plain that such a well, 
costing at least Rs. 500 to even every 20 acres, is entirely out of the cjues- 
tion. The ordinary well is simply a round hole, lined, for a few feet of 
its height from the bottom with a wooden, or plaited brush-wood casing.” 

3jS, The following Notes on this subject, from Colonel Dickens’s 
Kepovt on the Soane Canals, will also be found useful:— 

The irrigation of the spring crop is for Llie most part effected by drawing miter 
from ndls by means of bullocks mill the leather bag called a moth. Ill some places, 
irkie the water is near the surface, the weighted level (lut) is used, but it is a more 
expensive mode of raising water than by the bullocks and moth, except where tlxe 
depth of the wells is very small. 

The wells arc not deep, reaching generally from 18 to 28 feet below the surface :* 
on the average perhaps 22 feet. But the supply of water is in most parts of the 
dishict scanty, and little more than a foot remains in the wells while tlie moth is in 
use. 

To irrigate the crop the water is run through the fields in channels, whence it is 
sprinkled over the crop wil,h wooden scoops. This inode of irrigation is very inferior 
to that practised in other parts of India (anil for opium in Sluilmhad) of allowing the 
the water to submerge the whole field, plot by plot. 

With wells of tlie average depth the irrigation requires two pail's of bullocks (to 
vroik and rest by turns) and two men at the well, besides a woman or boy in the field 
to form the channels and sprinkle the water. On an average one moth will water 
about Jths of a keegnli (,[ths of an acref) in a day. A laborer who has received an 
adi imeo of money from his employer gets 2£ or D seers (3 or G lbs) of one of the 
cheapest kinds of grain as his daily wages, valne about 3 pice of 20 or 21 gundas (or 
fours) to the, rupee (that is SO to 81 to the rupee, 10 to 12 pice to a shilling). A 
laborer not in debt, is allowed 1 seers of grain, value about 1 of the pi ice current in 
the district, or Jths of an anna of the Company’s coinage (1J penny) as his day’s 
wages. 1 was not ablo to form a satisfactory direct estimate of the cost of keeping 
up the bullocks and their gear with tlie moth, but I found the established rate of hire 
for the two pairs of bullocks with gear and moth is 4 annas (G pence) a day. The 

* This refers to the Shnhabad and other districts in Beliav. In the Punjab the distance to the 
purface of tlie water from the ground ia often 40 or 60 feet. Tho length of time then consumotl in 
raising the Mot makes it inferior to tlio Persian Wheel, hereafter described, ■which gives a continuous 
ftreom,—[ED], 

t The beeguh of 3,025 square yards ig used in Shnbabad. 
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coat to the proprietors would, I suppose, be something leas. 1 therefore ict cU v 
cost of one day’s irrigation from wells, s 


r. « d 

2 inou .. .. - ■ .. .. .. 016 00 2} 

1 woman or boy, omitted, being also required for 

canal irrigation, .. .. ,, .. 000 000 

Bullocks utul moth, .. .. .. .. 0 3 G O 05 J 

One tiny, or to water Jibs of a bcegah, gibs acre, 0 S 0 0 0 ?} 

To water a lieegah onee, tliorofore, costs, .. Rg, 0 8 4 

And Here,. £018 


The greater part of the spring crop is watered only nnec or twice in the season bat 
aomo of it three limes, particularly wheat. Wheal in .some few places is watered6 ® 
times, Where the irrigation was industriously applied, 1 generally found tin: rale to 
bo to water barley twice and wheat three times. The excuse for not irrigatingmoie 
in places where the above was not acted up to, was more frequently want of funs th® 
want of /niter. I inn inclined to think the teal cause is ot ten indolence rather than 
scarcity of labor. But lor either ca.se the supply of canal irrigation affords aremedy 
ns it saves both laborers and trouble. 

Excepting in the rich laud near the Ganges and a few other favored spots, the m. 
irrigated crops of wheat and hurley are very scanty, and are said to produce only from 
2 to (i manmls of grain iter lieegah (2."(i to (140 Him. per aero), and those irrigated once 
or twice yield only from -l to 8 nmnnds (512 to l.tbM 1!>s. per acre). Irrigated three 
times, Hit! crop is said to yield from 7 to 10 maimds (8i)f> to 1,280 Ihs. per acre); but 
tho people told me if they could irrigate 4 limes, using abundance of water,they 
would got from 10 to lfi tvuumds of grain per lieegah (1,280 to 1,!)20 Ills, per one). 

Colonel CauLlcy Mutes the produce in the Schurunpoor and Bolumlsluduir district! 
to bn almnl, 8.) manwls per lieegah for nnimgalnd, and 13 mimndi for irrigated, land 
(1,080 and 1,702 His. per acre.). There is certainly a very much greater dilleietM 
than this in most parts or Shaliahad ; and allowing for some exaggeration in the na¬ 
tive account above given, f think the supply and use of abundance of water to irrigate 
tho crops would double, the produce of the, greater part, of the district. 

Watering three times in tho impurfucL way above described, costs ns above shown 
about Its. 1-0-0 per lieegah (fi .shillings an acre) for tlio season'’", and it is evident that 
the money ia well laid out. Doubling flic rate of water rout levied in the North-Western 
Provinces (ilmt is charging Us. 1-4-0 instead of Us. 0-10-0 per beegnli), 4 shillings 
instead of 2 per acre, we should ho able to supply the cultivators with irrigation 25 
per cent, cheaper than they get it now, and, in addition, give them nil the advantage! 
of 4 thorough drenehings for their crops instead nf 3 sprinklings. They will besides 
have the canal supply of water all the rest of the year without any further payment, 
and will ho able to turn it to more profitable account in raising more valuable crops 
than tho wheat and barley, which alone I have calculated upon. 

* Lieut.-Call. Tlntul Smith (page .181, Vnl. I-, Italian Irrigation) makes It (ornithic; Interest oicapi¬ 
tal) .El- 11 . 25 . Ho has, however, calculated tho him of the men and boasts for ilio whole year, wMv 
ray calculation extends only to tho poiiod of irrigating; tho nprlna crops. Taking the irrigatirj 
eouson at J months or Jvd of the year, tho rata comca to UO-KJ-lj, Tho ctifCoronco between this ei J 
my estimate may ho owing to tho greater depth of wells and tho tnora liberal scale of irrigation. 
But tho ’.vagus and cost of bullocks differ greatly hom those in 9bahobad. 
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I found the water bags used in Shahabad hold on an average about 2J cubic feet of 
water. They were worked for short periods at the rate of about 25 per hour, but tlmt 
was not kept up throughout the day, and the total number raised daily was said not 
to exceed 150. To be sure of making a liberal calculation I shall, however, take it 
at 300. This therefore I take as the bulk of water required for Jths of a beegah Qtha 
of an acre) for one watering. Tor a whole beegah this gives 500 bags (800 per acre) 
for one watering, and 2,000 (3,200 per acre) for four waterings, or a full season’s irri¬ 
gation. But this is for the imperfect kind of irrigation practised in Shahabad. To 
irrigate thoroughly I shall suppose double the quantity of water necessary, that is 
4,000 bags or 11,000 cubic feet per beegah (IT, GOO cubic feet per acre). 

The irrigating season in Shahabad commences about the beginning of November 
and terminates at the end of February. It lasts, therefore, about 120 days. Now 
one cubic foot of water per second for 120 days is 10,3G8,000 cubic feet, which will 
water 942 beegahs or OSS acres. But this is the supply to be delivered from the 
canal, and it is necessary to add to it tlio quantity required to make up for the was¬ 
tage in passing down the channel, in order to determine the discharge required at 
the canal head. 

259. The following detailed calculations of the performance and cost 
of various irrigating machines are extracted from Professional Papers, 
Yol. I. 

The heights assumed for raising the water in each case are those for which it is 
believed the several machines could he most generally and qsefully employed. 

The value of tho modulus and the useful effect in each case are assumed after duo 
consideration of the structure of each machine and the amount of spillage or waste. 

1. The Paecottah.~(flnc man employed). 

Water raised 16 feet. Content of bucket = ’45 cubic feet. 

Number of discharges per minute = 3. Discharge per hour = 81 cubic feet. 

If we take the useful effect or discharge at 90 per cent., we get— 

Actual discharge per hour = 72'9 cubic feet = 455T gallons. 

2. Baling. —(Two men employed). 

Water raised 5 feet. Deliveries in each minute = 20. 

One delivery = £ cubic foot. Delivery per hour = 400 cubic feet. 

If useful effect = 75 per cent., then— 

Actual discharge per hour = SOO cubic feet = 1890 gallons. 

3. The Single M6t. —(One man and two bullocks employed). 

Water raised 40 feet. Speed of bullocks — 2 miles an hour. 

Space gone over by the bullocks at one lift =: 80 feet. Content of bag = 3 cubic 
feet. 

Time required for bullocks in turning — - 4 minute. 

Number of lifts per minute = ITS. 

Discharge per hour = 213'G cubic feet. Useful effect = 70 per cent. 

Actual discharge per hour = I49’5 = 924 gallons. 

Taking the modulus = '9 and the weight of the ropo and hag = 42 pounds, tho 
required traction which the bullocks have to overcome is = 255 pounds. 
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4. The I)<ntbL Met — (One mini and t»o IjiiIIolIs ed) 

Wilier inised 40 loot. Speed ot bullocks-= 2 miles nil hour. 

Dinmclcr of hand = 3 foot. Dinmctci ol I ml lot L walk = 1G feet. 

Numbel of linns ol bullock pci jimiuLo = 3 f. 

Total tunc toi mining the linji, — 1 I imiinto Content of bag = 3 cubic feet 
Di&chiugc pci hour by 2 lint’s — 2.12 mine loci. Usclul effort = G5 pci cent 
Atlltal ilnrhcin/i JMI hour = 1(>5 8 uilne letl = 1015 gallons. 

Jlntio ol power and Height =3.10. Total weight to lie raised = 4G0 pound- 
'['liking the moilnlus = -7, we get—Woik applied = G57 pounds. 

Helpmeet Unction—• 121 pounds. 

5. The Stnt/lc Pi man II heel —(Ono man and two bullocks employed) 
Widen inised 10 feet 

Di.nuclei of (lining wheel = 4 [cut. Dinmctci of Imckct wheel = 4 feet 
At each tiuu o( the lmlloika, 0 buckets aic emptied, and assuming the content of 
each bucket = J cubic loot, we have—Dibchuige id each linn = j cubic foot. 
Length of bullock walk — 02 8 leel, and speed ol bullocks — 2 miles imhoiir 
Nmnhci ol turns per luiuute — 2 8. Dischnige pet hour = 12G cubic feet. 
Useful effect; = 55 pa cent. 

Actual tlni'fiart/e /><> hour = fill'll culiii feet = 420 gallons. 

Umbels me 2 lect npml. Nuinhcr ot luulaIs icipiiicil = 40. 

Weight ol Inula Is — M> pounds. 

20 buckets hang ninny s lull, the weight of the water they contain is = IK 
pounds. Weight oi tope = 22 pounds. 

Total weight to ho raised = 258 pound.s. liatio of power anil weight = 1.3, 
Modulus — 0 0 Work applied ■= 130 pounds, 
ltcquiied iiacliou = 8(1 ])ounils. 

0. The Dmildc Persian Wheel —(One man nml two bullocks employed). 
Water raised 40 feet. Proportion ol geaiiiig « 2 . 

Diameter of driving wheel = 5 (eet, pib h = 3d)2 inehes, cogs = 48. 

Diameter of huelcet wiicel — 3 foot 4 inchos, pitch = 8 - !12 niches, staves = 32. 
At, each turn of the bucket wheel 8 buckets mo emptied, the 2 wheels empty!! 
buckets at each turn of the bullocks. 

Content of Imckct =■ T V cubic, foot. 

Thercloio : Discharge ol water at each turn of tlui bullocks = 2d cubic feet. 

If the bullocks work on u Iovei of 12 foot, the length of the bullock walk is = 75 
feet, and taking llieii speed at 2 miles an hour, wo got— 

Speed ot bullocks per minute = 170 feel. 

Number of tains per minute = 2-3. Useful effect ■= GO per cent. 

Dittehatgr per hour — 198 cubio iuct = 1212 gallons. 

The buckets arc 1 foot 8 inches apart, and Ilia well being 40 feet deep, the requisite 
number of buckets for each wheel will bo = GO ; 80 being always full on each tvbcj, 
llio weight of wator on both wheels is = (1 eubic feet = 375 pounds, which is tie 
total weight to be inised, as the weight of the buckets and lopes me not taken inti 
calculation, on account of their balancing cneh other, 
liatio ol power anil weight is = 10 : 48. 

Taking tho modulus of tho machine at '5, we got— 

Required traction = luG pounds. 
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Table showing the comparative performance and cost of the above machines tn raising water to the 
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* Being -£tli of the quantity' raised 3 feet high, as computed at p. M03. 

The cost and wear of the machines are not token into courideiation. I\o. 3. or the Faccottflli, it token as unit for the ratio of discharges. 




C H A V r r EH X L V 11. 

CANAL IMIIGATJ ON—MA DBAS AND BENGAL SYSTEMS- 
INUNDATION CANALS. 

200. Canals arc divided into two great classes, those of Irrigation and 
Navigation. T’lio conditions required to dovelopo one of the former class 
successfully are—.1st, That it should be carried at as high a level as possible 
so as to have sufficient fall to irrigate the land for a considerable distance 
on both sides of it; 2nd, That it should bo a running stream so as to be 
fed by continuous supplies of wafer from the parent river, to make up for 
that consumed in irrigating the lands. 

The conditions of the latter are, on Iho contrary, that it should be a 
still water canal, so that navigation may bo equally easy in both direc¬ 
tions ; and, as no water is consumed except by evaporation or absorption, 
and at points of transfer from n higher (o a lower level, the required 
quantity of fresh supply is comparatively small, ami iL is thus most econo¬ 
mically constructed at a low level. An irrigation canal, however, may 
and should bo, uh a rulo, laid out so as to servo for navigation as well; tie 
velocity of the stream being made as gentle as is consistent with its 
primary usos, so as to afford facilities for boats ascending against it a* 
easily as possible. 

S(ili It is of Irrigating Canals, as forming by far the more important 
class of tiro two, at least as regards India, that the ensuing Chapters will 
principally treat. In hhiglnnd they arc unknown, ns tlio rain-fall in that 
country is so considerable, that the operations of the fanner are principally 
directed to draining the superfluous moisture from the soil. In 1% 
whore tho climate is hotter and drier, there are many fine canals, of which 
tho lato Colonel Baird Smith lias given an interesting record to the profes¬ 
sion. In India they have boon used from time immemorial; and at tie 
present day, Engineers, aided by experience of the past, are proceeding 
rapidly in tho development of these useful works, which so largely contn- 
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Lute to the productive powers of the soil and to the security of the country 
from famine. 

gut, it is only of late years that the true principles on which such 
works should he constructed have been properly studied, or at all under¬ 
stood. The first canals opened out by ns in India were those which had 
been made two or three hundred years ago, in the times of the Mahome¬ 
tan Emperors, and which had become useless by neglect. The alignment 
of these was, in all cases, very defective, and as money could only be 
spared from time to time for their improvement, cheap and temporary 
expedients were resorted to, to bring them into use, and make them pay 
as quickly as possible. At first, too, our Engineers, had no experience 
of such works, nor was there any available cpiarter from which it could be 
derived. Much, therefore, was done by “ rule of thumb,” until the laws of 
running canals may be said to have gradually worked themselves out. On 
the Ganges Canal, for the first time there was new ground to work upon, 
and Sir P. Cautley and his able assistants successfully overcame the diffi¬ 
culties attending that vast project; but much was devoloped during the ac¬ 
tual construction of the work, and, if it had to be done over again, much 
would, doubtless, he improved. The Bareo Doab Canal, in the Punjab, 
(also an entirely new work,) was commenced some time before the Ganges 
Canal was opened, and, therefore, has only partially benefited by the im¬ 
provements suggested since the opening- of the latter. Even now, it may 
be said, that many important questions connected with canal irrigation 
are undecided, but the experience already gained may be fairly summar¬ 
ized for the use of the young Engineer, to be supplemented by bis own 
hereafter. 

262. There may be said to be two distinct systems of canal irrigation 
carried on at present in the North and South of India, which may be called 
the Bengal and Madras systems, respectively. The difference between the 
two arises from the physical peculiarities of eaeli country. 

The Madras system has been chiefly confined to the Deltas of the great 
rivers, such as the Godayery, Kistnah, &c. (and consists in throwing an 
-■fluent or dam across the bed of the river to raise the surface level of the 
water, which is then conducted along canals, whose mouths are above the 
dam, to the lands requiring it). It is obvious that this system is not 
applicable to lands at a very high level above the surface of the river, as 
it would be impossible to raise the water sufficiently to overflow them. 
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This system is, therefore, ooiiliued lo alluvial tracts, which have been 
formed by deposits from rivers in a state of flood. 

Nearly all the great rivers of India are thus charged with silt a ur ; ri ,, 
the rains. In the upper part of their course, where the natural fall of the 
country is great, and the velocity of the stream is therefore high, this silt 
is carried forward by the water lidding it in suspension, and the action o( 
the stream is generally erosive, and tends lo lower the bed; but as the 
river reaches the plains below, the velocily gradually diminishes and at 
last falls} below that necessary to carry on the silt, which thus becomes de¬ 
posited. The effect of this is to raise their beds, and cause them to U 
constantly shifting tlioir course, and also to raise the ground on both sides 
of tlioir banks, often for a considerable width, by successive deposits of silt 
when they overflow tlioir banks. Thus, such livers will not rim in the 
lowest linos of the valleys, as in ordinary cases, but there will often be a 
considerable fall from their banks outwards. It is evident this gives great 
facilities for such irrigation works, as are above described. 

Hut, in the rivers of Northern India, although there is a certain width 
of land on each sido, (known as the Khadir,) which has been formed, as 
above; yet, it is, in general, a vory narrow strip. The greater portion 
consists of a high table land (lire Jiunt/iir), occupying nearly the whole 
extent of the IJoab," and, in general, rising very abruptly from the khtiit. 
It is, therefore, impossible to irrigate this high land by a short cut from the 
river; the depth of digging would bo loo great, and tho water would never 
stand at a sufficiently high level to bo brought on to tho land except In¬ 
expensive apparatus for raising it. It is necessary to go back to a point 
high up in the river’s course, whence the water can he brought on to the 
high land by excavation of a moderate depth, and by which sufficient 
command of level may be obtained to overflow tho surface. 

The land, in Upper India, boars two crops a year, llio llubbes or spring 
crop, which consists chiefly of cereals, and other productions of temperate 
climates; and the Khuveef or autumn crop, which consists of rice, sugar, 
and other tropical products. As the rivers arc at their highest when the 
hkurcef requires water, so obviously, it is niuoh easier to irrigate this 
crop, which, however, generally gels a liberal supply from the falling rain. 
Bui tho rubber, which is by far tho more valuable, requires water whet 
the riven; are at their lowest, and ruin is always uncertain. 

* I»onh, tfo (two), tr b (writci), Country boLwccn two iheis, 
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2 G 3 , After the above explanation, we may now proceed to describe the 
simplest kinds of canals used in Upper India, which are generally known as 
Inundation Canals, of which there arc many existing along the borders of 
the Punjab rivers, by which the khndir or low land is irrigated. Cuts are 
made from the river inland, for a certain distance, and are then carried in 
a direction generally parallel to the fall of the country, or the course of 
the river. By these, when the latter is in flood, the autumn crop is wa¬ 
tered. But, in the cold season, when the river is low, the canals run dry and 
the spring crop thus deiives no benefit from them. During that time of 
year, therefore, laborers are employed to clear the canals of the silt which 
was left by the waters in their beds or heaped lip at their mouths, varying 
from 1 to 6, or even 10 feet in depth. The irrigation is carried on by means 
of branch canals leading from the main one, whence the water is carried 
by minor channels on to the fields. When the levels do not admit of 
surface irrigation, the water is raised from the canal itself by the Persian 
wheel, or a temporary dam is placed across the channel to raise the level, 
Ilany of these canals have been made for the last 300 years, and are still 
in good working order, though kept so only by continual labor; their 
course is very crooked, following every winding of tke ground, having 
been, in fact, laid out without the use of levelling instruments. No fee 
or tax is levied for the use of the water, but in general, the zemindars 
through whose lands those canals run, are bound to find laborers to keep 
them in repair (who work either gratis or merely receiving their food), 
with occasional jjecnniai'y assistance from Government. The main chan¬ 
nels vary in length from five to fifty miles, but they are generally too 
narrow for navigation. 

There are no works at the lioad to control the supply of water, for the 
course of the river is so uncertain, that it may completely desert the head, 
and the water may have to be brought in by a new mouth excavated for 
that season, which again may be useless in tke next, or the bank of the 
river may be cat away to such an extent as to involve the head works in its 
fall. Under any circumstance, there is always a considerable deposit of 
silt at the head, which would naturally be increased by anything in the 
shape of a dam. 

The silt excavated from the bod during the cold season, is usually 
heaped up close to the edge in rough spoil banks, and is constantly falling 
in, while the tortuous course of the channel also causes large deposits of silt 
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at the bends. The accumulation is still further increased by the ffa t C[ 
having no exit at the Lull of the canal, which usually terminates in a series 
of small channels in Lho middle of the district. The labor of olearatic 
thus becomes a heavy annual charge or draw-back on the benefits received 
from the water, and the numerous descried channels in various parts of 
the country show that, without such labor, these canals would soon silt up 
and become useless. J3ul, in spite of all defects, they arc highly prized 
by the people, and lho Government has, at different times made large 
grants of money for improving some and opening out others. 

Their nature and the direction which such improvements should take 
will appear furilior on, as we treat of permanent, canals. They may briefly 
bo said to be, straightening the course, thorough clearance of the channel 
with due attention to tho slope of bed, improvement of tho banks and pro¬ 
per disposal of the spoil oarth ; and, filially, where feasible, establishing a 
control over the water at tho head, and giving it a free outlet at the tail, 
of the canal. 

204, Tho following paragraph is extracted from a Memo, by Lieut,- 
Gal. Anderson, Jl. 10., on Irrigation in general, and Inundation Canals in 
particular:— 

irrigation by means of canals is chiefly applied to tracts of country which have 
beoiL formed by tho gradual deposit of alluvial matter, from rivers in a state of flood. 
Tho deposit from the inundation bruins to Lake place at thci points wlieic tho velocity 
of tho stream is chocked ; and this bring along tho margin of tho channel, an inunda¬ 
tion of tho country through which a river passes, will leave holihulit a stratum of silt 
in tlio form of a wedge, lho thick oml of which is on tho river lmnk. 

In Lite course of time, .successive annual inundations will thus have formed aslope 
away from tho banks, resembling the glacis of a fort,ideal,inn. Tho width of tills slope, 
will vary according to tho nature and shut of tho river. It may bo only 200 or 309 
yards, and be perceptible to the eye, or it may extend to tho distance of mmy 
miles. 

The feature above described is noL only to bo found along the main diramolof a 
river, but also along its branches. No very extotisivo tract of country bus been 
formed by (lie inundation and consequent deposit from a single stream. On the 
contrary it must have been tho work of ninny. 

The channels of all rivers, unless wlten eon ('mod by rocks, liavo been more or less 
liable to change their course. By referring to a map of any Delta, tho render will 
observe that the characteristic of tho Bella form, is that a river as it approaches the 
sen, should split up into two or more brunches or arms, which again maybe subdivid¬ 
ed into smaller ones. Each branch hns n tract of country within its influence, m 
serves to extend tho area of alluvial deposit, either by raising its banks, or by extend¬ 
ing the Delta seaward. 

It is a common occurrence to find dry bods of rivers in alluvial plains, possesHD2 
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j, tin; Jiaracteristics of tlie existing channels. In some cases channels mny be found 
of 6udi capacity ns to show without doubt, that they are deserted beds of the main 
stream i in others there mny bo indications of it partial and gradually diminishing 

pjj having reached them, which, by successive animal deposits, lias curtailed 
their section to such an extent as to admit of their being adapted as irrigation 
channels, or if left entirely in their natural state, such channels mny be silted np 
completely by successive deposits from flood water, and by drifted sand and dust, 
until they may be no longer perceptible, and all tliat is left to mark their course is a 
ridge of high land. 

It will thus be seen that an alluvial plain (so called) is not made up of an equable 
deposit of alluvial mutter to the right and left of the maiu chaunel of a river, but on 
the contrary bv that from a number of channels, sonic of which may subsequently lie 
obliterated. The fall of the country also, instead of only following the course of the 
nifiin channel, will he affected equally by all the others. Intermediate between the 
channels, the ground will bo low, and the line formed by the intersection of the two 
planes sloping away from their respective banks, will evidently indicate the course in 
which the drainage from those plains will tend to flow. Snell lines will be found also 
on the extreme boundaries of a Delta,—receiving on one side the drainage of a por¬ 
tion of the Delta, and oil the other that of the country independent of it. 

After these remarks it is time to explain that the irrigation of a tract of country 
is based on very simple principles. Supposing- that a supply of water is required for 
the land near the bank of a liver, which has ceased to over-flow it, but which may 
rise to the lip of the channel, then as the country falls away from the river, it will be 
readily understood that a cut through the bank will give the means of irrigating the 
ground beyond. This may bo considered the simplest form of irrigation. Again, if 
the surface of the river falls so considerably below the lip of the channel, as to lie in¬ 
capable of supplying water to the ground at a distance, by mean3 of a cut carried at 
right angles to the course of the river, the difficulty may be surmounted by excavat¬ 
ing a channel in. an oblique direction ; for the course of a river is never straight, aud 
an artificial channel may bo formed in a straight line, which will carry the water to a 
higher level, than that of the surfaco of the river nt any point opposite to it. Dor every 
mile of its course, it thus gains something on the surface level of the river, and it be¬ 
comes a matter of simple calculation to find how far it will have to be carried, before 
the water issues on tho surface, b’or ins Lance, if the fall of the river surface is one foot 
per mile, blit with a tortuous course of one half more thun the direct line, an artificial 
channel with a fall of one foot per mile, running parallel to tire general course of the 
river, that is from point to point of curves, will for every mile of cutting gain six 
inches on the river. So that if the surface of the water at the head of the cut were 
five below the lip of the channel, it would gain that amount on the river in ten miles. 

If tho cut wore excavated in ground on the same level as that on the margin of the 
river, the water it carried would then come to the surface and bo available for irriga¬ 
tion ; but as tbe ground falls at right angles to, as well as with, the course of the 
river, the required level wonld be attained by a cut less than ten miles in length ; or 
if the fall along the cut, were less than one foot per mile, say six inches per mile, 
the water would come to the surface in five miles, or less according ns the ground 
might he level, or slope off in the direction of the cut. 

It will be readily understood that the high ridges and the old channels, above fies- 
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cribcd, mdiiule the mint suitable alignment for a series oC Irrigation channels p 
object would be to conduct tin; water iVom the river to (Uc crest of siu.li liiMi lanJ" 
and then, for the rlmmiehs along them, to uviuugo ns I’nv its may be piaeticnMc tl/- 
tho oxcnvnlion, shall lie no mold flmii sullieienl, to furnish the material re, imu .j /,! 
tlio embuukmenis, wliii li should retain tlin water at as high n level na nossililc 
aisleiit with their stability. If the depth of water admitted into tlic hoaiof tie 
main channel is inatcrially less tlinn vvliat is due to the river at its fall height tie 
deplh of llie excavation at tlio head will ineiense in proportion to the difference 'an] 

it will tlicn he mi object, in order io make llio ml ling as inexpensive as possible to 
carry the lino of the channel through low ground, until I ho water would flow on A- 
surface. The irrigation limit is then ranched, and tho channels should becoutiuned 
filling the highest ground, lluil will allow of Hit* walcr continuing on the samclevd 
with it or nliove il, ns may he found most suitable for the locality. IE the cional 
were level mi hotli .sides of the channel it would in many ernes he hicUspawibleb 
have llio siirfneo of the wider above il ; hut in the other hand tho soil may be ill- 
adapted Tor withstanding pressure, or for preventing percolation ; ami to avoid tin* 
oecuiTeuee of Inenelies, il may he desirable, to keep tho height of the embankments 
within very moderate limil-i. 

Head* of /iiuwlii/itm Canal*. —A channel opening dirccl from a liver, ami m- 
provided willl a slake or other regulating work ill, its head, is subject to tliotim 
lollowing (lisiiilimilnges. It is Hiihjeet either to him* its supply increased tomim- 
ordinale evleiil during high freshes, or to linvo it cut off ullogothor. In one case the 
current of tin* river may set on Hie mouth of llio emm), or on tlio hank above it If 
the soil is liable In erosion, it will Iks cut down mid washed into tho canal j the head 
of tlm canal ilseU would ho enlarged; mid .such dcalriuTive action would only be 
limited by iliu duration of Hu* fresh. The grealur tlio fall of tho canal in tins case 
the gvealei - the evil. Or, on Lin* .subsidence of tlio higher freshes, tho sticnmmay 
have moved to the opposite hank of the livin', leaving a mass of sand lmnks between 
it, and the head of live channel, which it, would lie impossible to cut through in time 
to replenish the supply. In this ease Hie In* tho fall of tho channel the gieiiter the 
c\ il. JJoth tho above contingencies must bn common in all Irrigation channels which 
lire opened from a river with a shifting bed. In thu latter, a temporary bimtlmri) in 
Home eases he elTeetunl in replenishing tlio olnotncl, lmt, if lias generally to be con¬ 
structed before the freshes have, finally censed, mid is very liable to he deshoyed jod 
us it is completed. Though a new head may ho formed through the sand banks for 
the next season, it is next, to impossible to cut. through them at the close of the rains, 
vvilli u falling river, nnil when (ho wilier under the suiiiiee of the aaud talk stands 
tin a higher level than that of the river. 

The violent action on the mouth ot tho eUamlol when tho river sots against it, may 
he cheeked by revetments, groynes mul such like defences, lmt they must also hnvatlie 
effect of diverting the action of the stream from its natural course, mid thus tend to 
throw it off towards tho opposite hank. Supposing that there were no other dif¬ 
ficulties to surmount but the two I huvo specified, tlioy might bo overcome by tie 
construction of a heml sluice, with defences against imcvonchmcut, and of a grey® 
running from the opposite bunk, so as to force tho stream of tlio river to pass ulong- 
sido the head sluice. In many eases however the construction of such a groyne would 
he impracticable. The river might he too large, suitable material not procurable. 
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md the expense of maintenance of the groyne itself, anil the river defences which 
jt would necessitate, would he too great, to be justifiable, unless the channel were 
of verv high importance,—and in that case a dam or anient across the river would 
be more efficacious than a groyne. 

It is an object of high importance to fix the heads of channels in positions where 
they vrill be least liable to silt up, in order that they may have no greater obstacle to 
contend with, than what is inevitable,—that is, the chance of an insufficient height of 
fc freshes. Unfortunately, unless in a river which flows in a permanent channel, it 
is impossible to find a site, where the head of an irrigation channel will not be expos¬ 
ed to silting. The advantages of any sites will only he relative: no general rales, 
either can be laid down for selecting them; sd much must depend on local pecu¬ 
liarities that what might be sought after on one river, would have to he carefully 
avoided on another. It will dopend on the nature of the soil, fall, See., and the height 
of the water, whether it is advantageous or otherwise to expose the head of n 
channel, to catch the full effect of stream in the river. In some places this might 
be a desideratum, in othors it would simply destroy the channel. 

I will therefore confine myself to a few observations on particular cases on which 
I have found channels to he defective or otherwise. 

When opened so as to have the stream in the river hearing on the head as much 
ns possible. If the soil is not extremely tenacious, the banks at the lead of the 
ctanntl will he washed down, and the material thus displaced will block up the chan¬ 
nel. If the sides of the head arc revetted, a great part of the evil may bo averted, but 
it mil be found that this will not prevent sand hanks necnmrriating in front of the 
mouth, and if the stream nets on the bed, a large quantity of material may be carried 
forward to the lower portions of the channel. 

If a canal is opened from a bank which the river shows a tendency to set against 
and cut down at any point, above the head, then there mast he evident danger of the 
canal being choked up by the material which would be washed down. 

In the case of a river which is liable to occasion mischief of this kind, the most 
suitable point for opening a channel is where there will always bo n sufficient depth 
of water without any violent stream acting on the banks. Perhaps the most suitable 
of all conditions would bo if the river passed at right angles to the head of the 
channel, but as there could be no certainty of its continuing in that direction, it 
would be better to avoid such a site, and la select one where the water would ho 
comparatively stagnant. Por instance, if the river flows in the direction shown in 
the adjoining diagram utter receding from a curved channel, 
which it may hitvo formerly cut for itself by encroachment on 
the bunk, or if A bo the tail of acrcek or arm of tkorirerwhich 
loaves the main channel at some point higher up, there will he 
a backwater there, and, although the stream inay pass over the 
sand bank or island with considerable velocity iu the freshes, it 
will be less than that of the main stream, and less likely to do 
mischief. The point A wonld therefore he a good site for the 
head of the irrigation channel. It must be observed that the 
backwater may be of recent formation, und that its mouth may 
tend to advance down-stream, so that care should be taken to 
have the head of the channel sufficiently low down to guard 
ugaicst the contingency of the channel in front becoming dry, and at the same time 
not so low as to bring it within the influence of the main stream, 

VOL. II, 2 8 




PANAT. 1IUU0ATI0N-MADTtAS AND 


314 

lb will frequently lie found that there is no eligible site for the head of 
in the bank of the river in an interval of many miles. The river inav hav ° ' 

towards the opposite bank, leaving a mass of sand banks between it an d th 
where the channel may ho required. In sneli eases, however, tlioic is gcncial/° lM 
dry channel ol the river or of n hrnnoh of it, running along the foot of the ban/ ^ 
it may ho necessary to follow it up to its bead, and perhaps lo clear it iii'm/'"''" 
make use of it as an artificial channel. The head of such a channel if there 
choice on the matter, should bo selected on the same principle as that'of miaitif// 
channel, eaio boing taken to ling the bank a, much ns possible, or at least toiemow 
all the soil excavated, to the side which will lie fmthest front the notion of the sttp. m 
in freshed, or it would otherwise bo washed into the channel. 

In some eases there may be no alternative, lint to cut tlunngh the head of a , ar i 
bank with the knowledge that the effect of miy excavation will only be teiupora/v 
There will llion bo great dnnaev of tbo supply failing when the river subsides nni 
should it do so, there will be no remedy, unless it, may be tint the cieck lending to the 
canal may bo large and may ilelive a pnrtinl supply, though on too low a lei el to 
suffice for the wants of the canal. In this ease, a braid across it immediately below tie 
head of the hitler mny be of some service. 

/ Tern1 St nil'll —I f 1 be cmml is to be I iivumlied with a sluice, it .should be constructed 
ns near the head ns is consistent with iitt tdabilily. LI the hank of the river, nml the 
head of tile channel eim ho rendered secure against injury at a lnudonile expense, by 
mcaiin of ruvotmeats or groynes, the. efficiency of llio canal would be umcli promoted 
by constructing them ; but if the, river is not tolerably pcrmmienl, and there is the likeli¬ 
hood of the cmntl head being left at limes high and dry, with the necessity of opening 
a now head at Homo point higher up or lower down the river, the sluice audit tub 
connected with it would be mulcted useless. When however there are no such disad¬ 
vantages to contend ngaiusit, it, would seem highly desirable that every channel sbotdl 
have its bond sluice, in order that any excessive, supply of water may be prevents! 
from entering. Unless it is built at the head of the channel, this advantage cannot 
bo obtained without the inconvenience of a deposit of silt in the ehnnnel between the 
head and ilio sluice. The extent of this will of course depend on the height of tin 
water, and the time during which it, is held up by the sluice. If the intervalhetweto 
the sluice and the head ia considerable, this evil, would he serious ; and in man) eiae', 
it would ho bettor to construct the sluice ai (lie head, with the chancoof its being des¬ 
troyed. This, however, is a question to bo decided separately for each case an itioim 
merits. If a sluice is required to prevent inundation, and if disastrous effects wonli 
ensue from its destruction, it might ho advisable in such cases to have a second sluice 
in reserve, at a sufficiently safe disfaueo from the head. 

Slope of Beil .—Where Lite fall of the cminlry is tolerably uniform, Hie slope rf 
the lied of the main channel should ho less than that of tlic branches, nhielmgM 
should lie less than that of the minor channels and cuts. The object of this u to 
secure us far ns possible a uniform velocity, so that the alluvial matter held in sus¬ 
pension may be carried on from the head, and deposited uniformly over the lands 
irrigated. 

As to the actual fall which should bo givon to the main trunk of n canal, npmt 
from the consideration of expense or in fact any considerations, but that of fit 
maintenance of the channel in good working order, I would name 6 inches per mSt 
in preference to any other, for alluvial soil of moderate tenacity—on the supposition 
that the depth of water will he from 6 to If) feet, and the width considerable (ssf 
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100 )—being nearly tlie same that I have observed has been adopted by channels in 
iheir natural state, in similar soil. I would by no means insist on this being the 
best fall in all cases. 

I assume tlie slope of bed to correspond until the slope of surface, but it may be 
desirable to cut down the head of tlie canal, bo as to yield a smaller slope of bed, in 
order to obtain a supply of water at un earlier date in the season. But the bed always 
tends to follow the slope of surface, ns will be obvious from the consideration, that if 
the depth is greater towards the bead than it is at some point lower down, the velo¬ 
city (supposing the width to be tlie same) will be leas, and silt will conseiiuently be 
deposited until the velocity throughout becomes umionn. Such a diminished slope 
at the head must therefore render necessary a considerable annual clearance. 

On the assumption that a surface fall of t> inches a mile, oiqsay 1 in 11,000, is 
suitable for the main channel at starting, with a width of 100 feet, I proceed to show 
the late at which the fall should ha increased os the supply become" less. 

Let ns suppose that brunches are drawn off, taking a certain pioportion of the 
water, and that the width of the main channel is reduced by sulccooiic degrees to 
a nulth of 80, GO, 40, and 20 feet, and that the depth is reduced snecessiicly to fi}, 
5, 4) and i feet, but that the velocity throughout is maintained, at what it had at 
•tarring with a width of 100 feet, depth 0 feet, surface fall 5-7 inches per mile,— 
namely, 2'1 feet per second. By means of the hydraulic formula, X find the fall of 
surface required in the different eases will be 6-4, 7, 7'9,10'3, inches per mile. From 
the terminus, let a channel leave with a depth of 3 feet and width of 10 feet reduced 
after consumplion of a portion oE the supply of water, to a width of 6 feet and depth 
of 2, feet; the velocity to he the same as before. The fall required for these 
channels will then be 14'8 and ID'S inches n mile ; nnd if we suppose the length of 
each of the first mentioned channels, or reaches of channel, to he 10 miles, and that 
of each of the two Inst to bo B miles, the whole fall from the head will he somewhat 
more than 45 feet, and the whole distance being CD miles, the average would be 9 
inches per mile. If the fall of the country did not admit of so high an average, it 
might be easily redneed by maintaining a greater depth in the channels and diminish¬ 
ing the width. If for instnneo, in the ease above-mentioned, the depth for 50 miles 
had been maintained at G feet, the total fall required would only have been 2G feet, 
or on the average CJ inches per mile. 

The above will be sullicicnt to iudicate the mode in which the slope of the channel 
should be logulnted in order to prevent acenmnlutions of silt. In practice a canal is 
never perfectly aligned on this principle, but unless it can be shown to be defective, 
as I have no reason to think can bo done, every endeavour should be made to adhere 
to it, in designing a system of Irrigation winks, so far as local peculiarities and other 
circumstances permit. 

The accumulation of silt in channels, particularly in the main channel, is not only 
a serious impediment to maintaining a. supply of water till the crops are matured, 
but the clearance nmy he enormously expensive. Even if the silt cannot be carried 
on to the fields, as in a perfect canal, at least one step in advance is gained, if it 
is prevented from accumulating in the main channel j for the maintenance of the 
supply in it is the most essential point, and if there ai'e deposits in the branches 
only, it may be possible to clear them in turn, without cutting off the supply from 
the river ; or if this might not be feasible with the branches, it would ba so at 
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all events with the smaller irrigation channels ; and it would not only be advantatr C0UJ 
to tluow on the wit to them, mid to clear them in turn, without cutting off the supply 
of water from the branches, but tlio clearance would evidently be much less costlv 
from them, than it wonhl be fiom tho larger channels. 

When tho fall of country is so gentle as not to allow of tlio fall ot the channels 
being gradually increased from (> inches a mile, it would be necesssary to reduce the 
initial alopo somewhat, A vciy slight lcduction, would, ns it affects the whole of the 
channels onwards, in the aggregate, amount to soiuclliing considerable. 

If, on the other hand tlio Jail of country be too great, the initial slope maybe 
increased, with, if nocetmiy, a reduction in tlio (loptli of water; or if the full of 
country is rapid at tii at null afterwards more gentle, tho denied result may he attain¬ 
ed by constructing perpendicular drops at intervals. 

Any change ol direction, causes a ccitaiu loss of velocity, and the wiitm thiouu 
into brandies and minor channels would lose velocity, in passing through the hcad- 
sluiccs, unless thuy possessed the full walor-wuy of tlio channel. Due nlloiumce 
would have to lie made for this by adding somewhat to (ho slope at tlie heads of the 
branches and channels, 

Tho principle ahovo described of the necessity of keeping up the velocity to tho 
point of iho delivery of the water, is ho obvious, (hat if must hat e oeeuued to every 
one, who lias had much (o do with rnigalion works ; and I should not have thought 
it nceohsmy io dwell upon if, at Mich length, had X not lcnscai to believe that it is 
very much lost sight of in practice, 



CHAPTER XLVIII. 

permanent canals—source op supply—amount of 

WATER REQUIRED—SLOPE OF BED—SECTION OF 
CHANNEL—ALIONMENT OF CANAL. 

2(15, Wc now como to Canals of Permanent Supply, of which the 
greatest examples now in use are the Ganges, Barca Doab, and tlio East 
and West Jumna Canals. 

The first point to bo considered in designing such a work is, the Source 
of Supply- This will always bo a river carrying a perennial stream (in 
Northern Lidia fed by the snows of the Himalayas) ; and the only question 
is, at wliat point in the river’s course we shall take off our supply, i. e., 
fix the head of our caual ? 

From what has been said above (p. 308) it will appear, that this point 
must be high up on tlio river’s course, so as to obtain plenty of command 
of level, and got on to the high ground without much heavy digging ; and 
it will generally be found, that for this purpose, it is necessary to go either 
to the spot at which the river finally leaves the hills to flow through the 
plains, or to a point, at any rate, not far below that spot. Moreover, at this 
point the water (except in freshets) is pure and free from silt, the great 
enemy of canals, and the course of the river is restricted within narrow 
limits, so that by dams thrown across the river bed, we can easily divert 
the water into our new channel. 

The above considerations arc so important, or rather, peremptory, that 
they outweigh the disadvantages of the arrangement, which are, indeed, 
very serious. For, tlio country so close to the hills having generally an 
excessive fall, and being, morever, intersected by hill torrents, the carrying 
of the canal through such irregular ground entails serious difficulties, which 
require the greatost engineering skill and a large expenditure of money, 
to overcome them. 
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The selection of the exact spot for the head of a canal is a tusk lequiring 
much catelul consideration. The chief principles by which the selection 
will he deteinlined, besides those already indicated, will appear as we pro 
ceed 

366, The next question is, IToiv much water do we want ? foi on this 
depends the size of out- canal; and tins is dotouniued partly by the area of 
laud to be in.iga.ted, and paitly by the quantity of watei that can be obtain- 
ed Horn the liver when at its lowest. In Noilliem India, howevci the 
aioa of land lequiring irngation being practically unlimited, the question 
becomes, “How much w.atci is avadahlo 1'ioiri the river or souice of sup¬ 
ply at its lowest?” For though at Hist sight it might appear feasible to 
make the canal channel large enough to e.my an extia quantity of water 
when the river had plenty to spare, experience has proved that as tins ext™ 
water would bo available for one ciop only and that the less valuable one, 
tho advantage of this arrangement would r.ucly compensate for the extra 
cost requited to he incurred on tho channel and masonry woks. Tliemmi- 
mum dischaigc of the Ganges is reckoned at 8,000 cubic fact per second at 
Hurdwar, where it loaves the hills, and tho Ganges Canal channel u made 
to pass 6,750 cubic feet of tho above supply, it might, at lust sight, be 
imagined that the abstraction of so largo a quantity of water fiom atiauga- 
ble river would seriously intoiferc with the navigation below, but, the dis¬ 
charge above noted is only that of tho viable stream. Tho watei aboie 
sinks down through the permeable sti ata of tho bed and reappears below 
the point where the canal is taken off, and experience has shown thatin 
the lower parts of the livev, tho interference with navigation caused by the 
largo amount of water abstracted abovo for the canal, is practically not felt 

It is evident that the effective work of a cubic foot of water dischaiged 
from the canal, for irrigating tho land, must depend upon vanable data, 
such as the nature of the soil and the crop, the distance the water has to 
he canied on to the land from the main channel, the humidity of the at¬ 
mosphere, &c. 

The average assumed for drawing out the projects for the Barec Doab 
and Gauges Canals (derived from data afforded by tlie Jumna Canals) 
, was, that each cubic foot per second of discharge was capable of actually 
irrigating 218 acres; and reckoning that for each acre actually wateied 
there would be two other acres either lying fallow or being watered from 
wells or rain, then each cubic foot would represent 654 acies, (say one 
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equare mile,) of cnlturable land, more or less dependent on tlie Canal. In 
die Soane Canal Project (18G1), Col. Dickens reckons three-fourths of a 
cubic foot of water per second, for every square mile of gross area. 

By the Eeport of the Superintendent General of Irrigation, for 1860-61, 
each cubic foot on tbe Eastern Jumna Canal, actually irrigates 296 acres. 
In Madras, one cubic foot per second of discharge is reckoned sufficient to 
irrigate 40 acies of rice, or 100 acres of sugar. Our canal data are as yet 
too imperfect to be able to speak precisely on these pornts, and it is 
evident that the conditions are very varying. So long as the present 
system is continued of paying for irrigation according to the area watered, 
md not according to the amount of water taken, it is evident that there 
will be great waste. 

The method of calculation adopted by Sir P. Cautley in the Ganges 
Canal, was to leekon the expenditure of water per lineal mile of canal 
which from pmptical data was taken to be 8 cubic feet as the maximum. 
In the Sutlej Canal project, 6 and 7 cubic feet have been taken. This, 
however, presupposes that tbe main and branch linos have previously been 
feed upon; it is a very convenient form of calculation, as it enables us to 
regulate tho size of tbe channel along tho whole couise of the canal, 
diminishing it as the water is gradually expended. 

If the canal is to be a navigable one, a certain minimum depth must be 
assumed everywhere, so that the amount of water lequired for that mini¬ 
mum must be allowed over and above the quantity to be expended on irri¬ 
gation. On the Soane Canals, 600 cubic feet per second have been set 
apart for navigation alone; on the Ilareo Doab Canal, 180 feet; on the 
Ganges Canal, 400 cubic feet. 

A large area of tbe land through which the canal takes its course may 
be unfit for cultivation, Tile soil may be bad or swampy, or it may be 
reserved for forest or grass preserves, or occupied by towns or canton¬ 
ments. All this has of course to be taken into consideration in fixing tbe 
area actually available for iuigntion, whence the amount of water required 
must be determined. 

Supposo we desire to irrigate a particular district, say 200 miles long 
and averaging 40 miles broad, lying between two rivers by cutting a canal 
from one of them, and carrying it along the watershed of the country, 
The total area of such a district would be 8,000 square miles. How of 
this our maps would show us (say) that 1,800 square miles were Vhadir 
land, which could be irrigated by wells or by small canals cut from tbe 
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river, leaving 6,500 square miles of bangur to bo provided for, from which 
another 1,500 would very likely bo deducted for town sites, swamps foren 
&c. ; leaving 5,000 square miles actually requiring irrigation. At fta 
rate of 1 cubic foot per square mile, Ibis would require a canal with a 
minimum discharge of 5,000 cubic foot per second. Or, if we reckon 8 
cubic feet ns required for each lineal mile, we should require G25 miles of 
carrnl; hut, practically, the lines of irrigation would be first arranged a 
the map from the levels, and thence the amount of water would he deter- 
mined and might bo comparud with the area calculation. 

Should the amount of water required not bo obtainable from one river 
only; it is possible it might be feasible to take a supply from both. If 
not, then tlio greatest amount that can be obtained from one when the 
river is at Us lowest must, for the reasons above given, bo assumed for the 
calculations. 

257, Width of Channel .—The proportion of depth to width on the 
Western ,Jumna Canal, being that which the stream has in course of years 
formed for itself, was found by a series of trials to be about 1 in 13. On 
the Biu'oc Donb Canal, 1 he proportion fixed in construction was 1 in 15; 
for tlio Butloj Canal, 1 in Id. It is evident, if tho canal is to be naviga¬ 
ble, that the minimum of width must, always bo sufficient to allow of two 
boats passing each other, while a minimum of depth (usually feet), 
must also bo allowed to float tho boats. 

The side slopes of tho ennui channel will bo arranged generally accord¬ 
ing to facilities lor excavation, for unless the slopes are made very flat, or 
aro turfed at a great expense, tho action of tho water will in ordinary soil 
quickly cut them to the shape at which they will ultimately stand firm. 

208. Having determined tlio quantity of water, and fixed the propor¬ 
tion of depth to width, and a minimum for both, chiefly with reference 
to navigation facilities, there yol remains a very important question to 
be determined before wo can doviso tho section for our channel, that is 
the Slope of the. Bed, 

If this slopo is too great, the hod of the canal will be tom np, awl tie 
foundations of all bridges and other works will bo endangered. Besides 
which, the difficulties of navigation against the stream will be largely in- 
evoasod. 

If, on the other hand, it is too small, a larger section of channel will be 
required to discharge a given quantity of water, and, as will be explained 
further on, many additional works will bo required in the shape of Falls, 
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Looks, &c. ; there will also be danger of silt being deposited in the' bed, or 
olthe stream being choked by the growth of aquatic plants. 

It is therefore necessary to steer clear of both extremes; but it is not 
always easy to do so, and in general a compromise has to be made. More¬ 
over, as the velocity increases very rapidly with the depth, it is evident that 
a slope of bed which might be a very proper one for water of a certain 
depth, would be too great if it wei-e necessary to increase that depth so ns 
to throw an extra supply into the canal. 

The minimum velocity required to prevent the deposit of silt or the 
growth of aquatic plants may be said to be about 1-Jj feet per second, so 
that if a minimum of depth be fixed, we can find the minimum of slope 
necessary to secure any given discharge. Under ordinary circumstances 
this may perhaps be fixed at 6 inches per mile, though it is occasionally 
even lower than that. 

The maximum is not however so easily fixed. It must in the first jrlaee 
vary with the nature of the soil of the becl. A stony bed will stand a 
velocity of 3 feet per second, while sand will be disturbed by a velocity of 
6 inches. Again, the maximum velocity at which a boat can he navigated 
against the current at a profit is evidently a very intricate problem, de¬ 
pending on such varying data as the moving power employed, whether 
steam, animals, or men; tho description of boat, value of the cargo, &c. 
And without such a calculation for any particular locality, it is evidently 
impossible to determine whether it is worth while to undergo a heavy 
additional expense in reducing the slope (and, consequently, the velocity) of 
an irrigating canal in order to fit it better for navigation purposes. If the 
saving thus effected on the total tiaffic annually conveyed would defray 
the interest of the increased capital required for the proposed reduction of 
slope, then it would doubtless be desirable to make that reduction, looking 
at the question from that point of view only. But there is a limit to the 
reduction of slope beyond a certain minimum, as explained above, owing to 
the paramount necessity of preventing the deposit of silt in the canal 
channel, and though 6 inches per mile has been given as the minimum 
limit which would not under ordinary circumstances interfere seriously with 
navigation, still it must depend of course on the fall of the country and 
the nature of the soil, and so difficult is it often found to combine the 
requirements of the two purposes, irrigation and navigation, that it has 
been seriously proposed to provide for the latter by separate still water 
channels, made alongside the tunning canal itself. 

VOL. II. 2 T 



322 PERMANENT CANALS-SOU HUE 01' bUi’t'LY- 

Iu some experiments made on the Ganges Canal, it was found, that at 
a velocity of 3'7l> feet per second, the water just ceased to cut away the 

bank, and .slighlly deposited silt. With the ordinary soil of the plains of 
the N. W. Provinces, which is a light friablo day, and taking everything 
into consideration, perhaps 3 foci, per second may bo taken as a safe ninxi 
mum velocity for these canals. 

The upper part of the Bnroe Doab Canal has n fall of -P2 feet per mile 
river a bed of shingle and clay, hut navigation at that, point was not re¬ 
quired. 

The Ganges Canal starts with a fall of 2 feet per mile which soon 
diminishes to P25 fret, and this latter may he said to ho its ruling gra- 
client. With a depth of water not exceeding 5 feet this gives a vm 
manageable velocity, both as regards the safety of the works anil the 
navigation rfomu-Btrenm. For «p-slream navigation it would he nil ran- 
tagcouH to reduce it. Put when (i, 7, or 8 feet cif water arc thrown into 
this canal, the velocity due to the above fall is doubtless too high. 

In the Sutlej Canal project. Captain Orofton has fixed upon 2j feet as 
his minimum depth of water at full supply, and has arranged his declivi¬ 
ties of bed so that the calculated mean velocity of current shall in no case 
much exceed 3 foot per second. 

For the Soane Canals, the velocity has also boon fixed at about 3 foot 
per second (2 miles an hour), tlio side slopes being 1 i to X, and a bottom 
width equal to the depth plus one, squared, in foot. 

300. The following Memo, on this important subject from Major 
Crofton’s report on the Ganges Canal will lie found very valuable:— 

Velocities of current .—In a portion ot tho channel of the Eastern Jumna Canal 
lying in tho old heel of (lie Muskurra. torrent, where the current seemed picfcctly ad¬ 
justed to n lij/ht sanrti/ soil, Major Bvownlow, the Superintendent of the Cuuul, found 
the mean velocities of the, surface to lie. from 2'Ati to S'2S feet pev second, or mean 
velocities (multiplying hy (VS1), 1‘02H to l'B-17 per second. 

In the lower district of tlio sumo eatml, near Hurale nutl Deoln, the maximum 
surface Velocities with a fair supply wore found to he 2’817 and 27,07 feet perti'CMili 
or menu velocity of 2'2S2 and 2-O'! feet per sceowl. Silt is constantly being tlepo- 
eited hero ; the soil is similar to Hint below SmUianim on the Ganges Canal. 

About 1000 feet below tho Glioonn Falls, on the .same canal, in vert/ smitly soil, with 
nearly a full supply of water, I found the maximum surface velocity to bo 3'077feet 
per second, or mean velocity 2'4f)2 feet per second : no erosion from bed or banks, ex¬ 
cept when a supply, much in excess of tho maximum allowed, is passing down. 

Below tlio Nynshahur bridge cm tho same canal, where, tlio soil is very similar to 
that between tho Myapoor and Kuuklral bridges on the Ganges Cnnnl, clay ehingle 
and small boulders, Lieutenant Monevied, B .13., the Officiating Superintendent, found 
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the mean surfuce velocity to be G-7ol feeL per second, or the mean velocity about 
5 1Gb per second. 

The same officer observed the surface velocity at some di.-huicc below the Yiu-poor 
Falls in new centre division channel of the Eastern .Tuniiia Canal, ami obtained a 
mean of 8'9.)7 feet per second, or about 3-203 feet per second mean velocity through 
entire sectiou. The soil lioro is light and sturdy, aud the channel lias been both 
widened and deepened by tlio current. 

In one of the rajbuhus (or main water-courses) of the sauio canal, I found weeds 
cloning in the bed and on the sides with a maximum surface v elocity of 2T2 feet 
per second, or mean velocity (V) of about 1-717 loot pel second ; the soil is sandy 
with a fair ndniixtiuo of clay ; silt accumulates to a troublesome extent. 

In another rnjbulia in the same neighbourhood, I forrud a smfnce velocity of 2-38 
feet per 1 second, or mean about 1-1127 teet. Silt deposits here, lint no weeds appear to 
gioiv. 

In the Mnhnioodpoor left bank raj India on tlie Ganges Canal, I found grass and 
metis giouing in tire channel with it maximum surface velocity of 1-72 i feet per 
second, or mean of 1-311(5 fret. 

In the Bnlindoornbad Lock Clnmnel, Ganges Canal, weeds appear to grow wher- 
ncr the maximum surface velocity is 2-3B feet (or mean velocity l'D2S feet pel- 
second or under) j soil generally light and sandy. 

On the Ganges Canal I found velocities ns follow :—Below the Iloorkeo bridge on 
the main canal, wlicie the deepened bud is covered with silt and erosion from the 
titles has ceased, the mean velocity in the entire section, with a supply leas than the 
present maximum on the Iloorkeo gauge by 2 inches, was 2’l)2 feet per second ; the 
soil sandy with a tolerable admixture of clay. 

In tire widened channel nt the Toglrnlpoor sand hills, mile SB, the mean velocity, 
with full supply now allowed to pnsh down, obtained by calculation Irom the area of 
die water section and the discharge observed below Iloorkeo (deducting expenditure 
enioute) was 2-532 feet pet second. 

In the embanked channel across lire Solaui valley, with a supply 2 inches un¬ 
der the present maximum on the Iloorkeo gauge, the mean velocity, obtained by cal¬ 
culation from the area of wafer- section there and lire observed discharge through the 
masonry nrpreduct, was 3 0-1 feet per second, Tire deepest portions of the channelling 
out here, I have stated elsewhere, have been silted up. 

At tire ollLli mile, main line, liulow the Jaolee Falls, with (present) full supply in 
the canal, the observed mean velocity was 3-059 loot per second. El os ion from the 
banks lias ceased here ; silt on tiro deepened heel, soil sandy. 

Above Newitnec bridge, 9 Itli mile, in a still clay boil with full supply in the ob¬ 
served mean velocity, was -1-117 feet per second : erosion trifling here; no silt deposit. 

Observations oomninnicated by Caj>tnin Dtjus, lt.E., Director of Canals, Punjab. 
—On the Hnnsi branch of tile Western Jumna Canals, silt was deposited with mean 
velocities of from 2 - to 2-25 feet per second. The deposition of silt, however, obvi¬ 
ously depends on the quantity and specific gravity of the matter held in suspension 
by the water coming from above, and the ratio of the current velocities at dill'erent 
points along the channel. 

He states, from observations on the channels of the Barcu Doab Canal, that in sandy 
soil "2-7 feet per seco«d appears to be the highest menn velocity foi non-entling as a 
general rule, lor there arc soft places wheic the bed will go with utmost any velocity; 
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but those sorts of places can bo protected.” Again, “ bad places might be ecotret 
out with a mean velocity of 2 S foot per bccoiul, but better soil would be deuoikii 
place of the b;ul with n slightly smaller velocity Hum 2-<> feet; and as the simpl • ■ 
not always full, then; would be no feur of not getting that slightly smaller velo' 1 !.- 
very frequently. The good stuff thus deposited would not bo moved again by aa 
velocity which did not exceed 2'fi feet per second. 

In “Neville’s Ilychuulies,” 0-83 or 1T7 foot per second are mentioned as the lowest 
mean velocities which will prevent the growth of weeds. This, however, will itry 
with the nature of the soil ; vegetation also is mncli move rapid and vigoious in a 
tropical climate than where Mr. Ncvillo made his observations. 

In Capt. Humphrey’s and Lieutenant Abbot's reports on the Mississippi, i860 hi, 
mentioned that the alluvial soil near the month of the river ciuinoL resist a mean 
velocity of 3 feet per second; and that in the Bayou La TTourclie, the last of ia 
outlets, which resembles an artificial channel in the regularity of its section and 
general direction, and the absence of eddies, &c., in the stream, the mean velocity does 
lint axcartl 3 feel, per second, and the banks are not ahuulcd to any pieccptiblc extent 

From the foregoing and other observations, which it would encumber this jam 
too much to pluco oil record hero, mid taking into consideration that the higher tbs 
velocity tho less the worles will cost, 1 think the following may he taken ns safe mean 
velocities with maximum supply in the Ganges Canid channels. 

1. In the Ganges valley above liomkee, !S feet per second. 

2. In (lie sandy t met generally between lloorkco and SiicUmnna, 27 feet per second, 

3. In very light saiul, such as Unit met with at the Toghulpoor sand hills, not 

higher Hum 2’fi feet per second. 

4. Ami for the channels south of Smllmimn, 3'0 feet per second. 

On the bran clips the same (Inin to he assumed according to similarity of the soil. 

Tlicro mo soils, na Captain Dyns linn noted, such na light quicksand, which Bill 
not stand velocities of even 1 foot or 11 foot per .second, but these are ncierfoundto 
any great extent in one place: erosion there can only have a local influence, and such 
places can ho protected at a trifling oxpensa. It is channelling out on long lines 
which is to lie feared. 


270. F roin the above considerations, therefore, wo can now determine 
the section of the canal channel by the help of proper mathematical for¬ 
mula). 

Let D =5 the discharge at any point in cubic feet, A the area of the 
channel section in square feet, and V tho mean velocity, at that point in 
feet por second, then of course D = AV. 

Novr to find V, many formulas have been given by Dubuat, Neville, and 
and other authorities on hydraulics; some of which’are very elaborate, 


Major Crofton uses (from Neville) V = cj ( l, d being the hydraulic 
mean depth , 41 s the denominator of the fraction denoting declivity of bed. 


* Found by dividing tho uica of the channel section below tho water lino by the water contour 
0* c., tho length of tho bottom and eidoa of tho section). 
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the numerator being unity, and C a co-efficient, which he takes at 90 for 
velocities up to 4 feet per second, and 93 for Ingh velocities, such as those 
of till torrents, &o. 

Dwyer’s formula V = '92 V 2l *t d being the same as above, and s the 
slope of the bed in feet per mile, is recommended as simple and sufficient¬ 
ly correct for all ordinary eases of canal discharges. 

271 , In canals actually running, the velocities may be also determined 
by direct observation, as in the case of a river [see above, para. 84]. 

The observations for discharge of tho Ganges Canal channels taken for 
the purposes of Major Crofton’s report were obtained as follows:— 

Two cross sections of the stream were taken at a uniform distance apart 
of 200 feet, the depth of water being measured at every 10 feet or less 
along the width of each section. 

The velocities were obtained by noting the times of transit at several 
points in the width of the stream of floats from the upper to the lower 
section; these floats were made of painted deal rods about an inch square, 
loaded at one end so as to float nearly vertically and pass as close to the 
bed of the channel as possible without touching, their upper ends projecting 
a few inches above the water's surface. They were found in every case to 
float in a line closely parallel to the thread of the current. A very near 
approximation, it is evident was thus obtained to the mean velocity in the 
vertical plane traversed by each. A correction for the small height of 
the end of the float above the bed was applied to each velocity before using 
them for the calculations of discharge, viz.:— 

C (or multiplier of velocity) = 1 — O' 116 | — 0‘1 J 

where 

D = depth of water. 

D, = length of rod immersed. 

This was given in tho report on the Mississippi by Captain Humphreys 
and Lieutenant Abbot, as obtained by Mr. Francis, in bis experiments at 
the Lowell Water-works, where velocities of current were observed in a 
similar manner to the above. 

Velocities were observed on the Ganges Canal and elsewhere, also by a 
current meter of similar construction to that known as Woltmann’s hydro¬ 
meter, as well as by surface floats, but no method yet tried seems so 
satisfactory as that of the floating rods. The declivity of tho water’s 
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surface was also in most cases observed for the purpose of company® aril 
obtaining reliable eo-eflieiouts for calculation. 


To illustrate the foregoing, let us suppose that in tlio 


instance 



above given at p. 317, 4,001) cubic feet were available as the minimum 
charge, and that wo determined to make our channel accordingly, We will 
fix on a fall of 1-5 feet per mile as the rul¬ 
ing slope, and cxeavatc the channel with 
side slopes of 45° ; then to find the neces¬ 
sary bottom width All of the channel at 
the head ; let the depth be to the width as 1 : 15 aiul call the depth a:, su 
that All — I5.r, then GO — 17.r, and the area of the section = llfi 1 
also as AD = l!C — V 2 ar, the net contour 15.« + 2a; -V2, and the hy¬ 
draulic mean depth = d = m " 1 frnm Owyor’s formula, V = 

^ 'V , 2di ■ ‘^2 Vod — ~ •*'** Va', and discharge = 


1) = 4,000 = 1 G.r' J X l'f) V.c = 24 V x *; lienee VI 3 = 1GG-C7, and 
x— 7'7‘l, there A lie 15a; tlic boUom width = 11(1 feet. Or wo may 
assume a value for re, and liy trials approximate of the real value. Or, the 
depth of digging limy ho determined fur us by our levels, which would also 
determine tlio bottom width, if it is to be 15 times the depth. And if 
tlicso dimensions would not suffice for the required discharge we should 
have to alter the ratio or else increase the slope of the bed. 

373, The section of the water channel and slope of the bed being thus 
determined, it Is evident that the surface of tlio water may cither be within 
soil , (as it is termed,) that in below the natural surface of tbc ground, or 
above soil, when it will have to be retained by artificial embankments. If, 
not merely the surface level, but tire whole body of water is above soil. Hie 
embankments must of course be very massive and may require to be pud¬ 
dled to render them water-tight. In tlio great fciolani embankment, the 
water is retained within a solid masonry revetment on each side, backed up 
by an earthen bank averaging 16 foot high and 40 feet thick. 

Although the water being thus raised above soil greatly increases the 
facility of irrigation by its command of level, it is evident that the con¬ 
struction of such embankments involves great expense, mid that if any 
broach occurs tlic damage done will be very great. 

‘ 374, The moat favorable conditions arc obviously when the canal wain 
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is partly within and partly above soil, so that tlie earth excavated from 
tJje channel just suffices to bnilil np the hanks, while there is sufficient 
command of level for 1 all irrigating purposes ; and the nearer this can be 
i jA-oximalod to, the more perfect will the canal be. The following would 
to such a section:— 

Let 2 a = width of ennui nt loot , 

B. J/-I 

fl = depth of rniinl A B. Jr- --t ~—-^ 

x — required depth of dig- hr ' seV ii oj 

ging. \_| 

Let A = area of bank above IOC, B K ! 

B = „ canal be below 

BE, 

Then whatever be the position of the natural surface, A and B are constants. 

What ive wish is to determine the depth BN so that the aren, BFGIC shall - 
ETEPQ. 

f> B - EFGD = A + EFIIC 

„ ED + FG . , . , , EC + IIF ,, 

c a, B-- X (d - a-) = A + -J- X (d - a) 

i.e, ^ | (ED + FG) + (EC + IIF) ] = B - A .(1) 

Let EC = Ji, lot a — inclination of EB, (3 = inclination of IIP. Then HR = CR 
cot [) = (ft — ,t) cot /3, SF = (,d—x) cot a. And IIF = h + Ql — x) (cot a + cot 
(3 EC -p FII = 2 h -p (o' — «>) (cot a -p cot /3). 

Now ED — AD -p AE — a -p d cot a 1 , tsts ■ wes * o « i 11 i , „ 

FG = HG + JHI = « + * cot a) •. ED + FG = 2 « + (el + <0 cot a. 

Hence, substituting in ( 1 ) 

til 1 2 a + (d + ®) cot a + 2 h + (d - .r) (cot a + cot /3) J = B - A. 

IhDf | 2 a -p 2 A cot a -p 2 /( -p (1 cot /3 — x cot /3 J = B — A ; ad — ax -|- d 1 

fP Qfl ~i 

cot« — rfir cot a -p hd — hw —g- cot /3 — div cot /3 H—— cot /3 = B — A - 5 - cot 

fi - * (« + d cot a -p h -p d col /3) = B — A — d (a -p K) — d } cot a — 4p 
cot p. 

From which equation wo enu find r. 

Take an example, let a = /I = 45°. 

Then cot a — cot /3 =. 1 

Let a = 50, g = 8 foot, h = 40. PQ = 25 feet, QT = TM G. 

CM 3 37. Then E = ad + ~ = 432.A = 5L±— x G=1SG. 

/. Equation bccomosi- a . (JOG) = 432 - 18C - S X 00 — G4 - 32 = 574,.r ! — 

212r= — 1148, whence x — S'G. 

Tor sanitary reasons it may be desirable to keep the water as a general 
rule within soil, but the effect of this will be to increase greatly the cost 
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of the canal—and if, as is often tlio case, a sandy stratum underlies (fc, 
superficial clay it is very undesirable to flip; down to the f 01 . mer) as rfll]; , 
water may tlius lie wasted by leakage and absorption. 

27,), Alignment of the Cnnal. —The steps to be taken in fixing the ]| n , 
of the projected canal and in marking it out when approved of will fc 
similar to those described in the Section on Hoads. The gradients have to 
be duly considered in both eases, though much more carefully in the former 
The requirements of the different towns and villages, which, in tile cap 
of a road have to bo considered with reference to traffic, will have chiefly 
to be viewed in regard to irrigation, and secondarily only for traffic in th» 
case of a canal. 

The obstacles (o be avoided, whether mountain torrents, swamps,liilh 
&c., arc much the same, and the more elaborate methods of overcoming 
them required for canals, will be described further on. 

If no good map of the country exist, one must ho made. Thsneit 
atop will ho to got a bevies of cross sections of the country to he irrigate!, 
from river lo river, by means of lines /fiends, from 1 to 5 miles spat, 
and having a direction at right angles to the watershed or supposed 
watershed; these are connected bylines carried along the river banks. The 
country being tlius covered with a network of levels all reduced to tha 
same datum lino, and marked down on the map, the general line oi 
watershed along which (as has been shown) it is desirable as far as possible 
to carry our canal, will, at once be evident. This lino cutting the cross 
sections nearly at, right angles, should then he carefully levelled as a trial 
line, as well as any oilier allerimlive lino that, may present itself, and on 
this the general project will he based. 

2'/0. The following hints, drawn up by Major Crofton, R.E., for the 
Punjab Irrigation Department, on taking’ levels for a canal project, and on 
subsequently laying out the lino, will he found useful:— 

Trial J.erelVnu/ ami iSirmej/inr /.—In addition to ilia levels of tlio country surface, 
a rough survey or recoiiuoissance is required, wliieh should give information on the 
following points, viz,:—Approximate sites of villages or I owns, lines of ilnunagi, 
roads, railways, old wnter-ronrscs, canal channels (main or rajliuhns), edges of high 
(“ bnngur”) land, remarkable, buildings, wells, nature of soils, crops, trees, &e,, 
position of stone or kunkur qnnrrioH, &c, 

Tlio places between which roads run, and their hearings (it regularly lined out), 
should ho noted ; if on omhankment, the level of the top surfneo should be taken. 

Tho hearings of regularly lined out canal channels or irrigation cuts, and tie 
levels of their beds at points of crossing, with cross sections at right angles to tb 
direction of each, showing level of full supply, arc required. 
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The level of the lowest point in the beds of nullahs where crossed ; with sections 
fltriaht angles to their couiscs, showing level of highest known flood, and date of its 
ccciurenco d ascertainable; the level of surface of water in rivers (noting date of 
observation) ; depth of water on lowest point of bed (if obtainable), and level of 
Oldman' and highest known flood ; levels of floors cL tanks and lowest points of largo 
jheds should he observed and connected with the line of levels. The sites of such 
sections taken off the line should invariably he connected with the traverse, 

The water-way of all bridges or culverts met with on or near the lino of level should 
be measured j and the levels of their floors or plinths of abutments, or the bed under 
the arches if there ho no flooring, with highest flood mark, carefully noted. 

Wherever a well is inel with or used ns n huncli-niark, the level of the surface of 
die water should be noted ; the depth below the bench-mark can ho measured with 
sufficient accuracy by the chain. If water is being drawn from the well, the surface 
will in general bo abnormally low, in which case the height at which it usually stands 
nkcn not in use should if possible he ascertained. The quality of the water, whether 
sneet or brackish, should also be noted. 

These observations of tiro. Hurl'iiee level of the springs should never be omitted, 
when opportunity oilers ; it is a point of considerable importance. 

The culov and description of the soils, whether gaudy, clayey, &e. ; the presence of 
the white or brown eilinrcseenee known as “ roll ” or “ knllur ” should he noted. 

A complete delineation of the drainage lines of the country being one of the ptri- 
mtuy objects of the sum cy, too great cate cannot he taken in ascertaining their posi¬ 
tions. They may ho divided (excluding the large rivers} into two classes j the first 
easily recognisable by their size ; well defined channels running in valleys at some 
depth below tile general level of the country adjoining. Into these and the rivers, 
inmnuciable channels of the second class discharge themselves, the exact positions of 
which are not always to lie detected by the level alone. They usually rise in jheels 
lying close to the water-shed, mid their courses are marked by a series of jheels con¬ 
nected Ivy intermediate low lands j a black, clayey soil, “ roll,” rank grass, nnil crops 
leqniving frequent irrigation, such as sugar-cane, cotton, &c„ generally mark the 
places where wafer has lain or over which it flows in considerable quantity. No land 
of this description should he passed over without enquiry as to whether it is flooded 
during rain, and from what direction the water comes and whither it runs off. “Reh,” 
if contained in the soil, always rises to the surface where water has lain for any time, 
and appears in greatest quantity during the cokl season. 

Large towns or villages will almost invariably be found situated close to lines of 
drainage, or low ground where water collects after rain. 

Sand hills, or very sandy soil, generally mark a water-shed on the “ bangur.” 

■Wheie a nullah or drainage line is crossed, and the level of the lowest point of the 
bed is observed, great caro should bo taken to ascertain whether this point is on the 
general level of the bed ; if otherwise, the difference nbove or below should be mea¬ 
sured and noted. 

IVherc an impassable object lies directly in the line of direction of the levels, it 
should be passed thus :— 
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Directum A Ial|m „ nUo } G oj levels 

• .. . object j . 

Si .1) 

tlmt is, wherever it is necessary to diverge for a short distance from the given lint 
it should he tejoined as soon ns the obstacle is passed. In plotting the section, the 
points A and 11, and C and II should appear identical. 

Bench-marks should he established ul intervals of about 3 miles in general, inil one 
close to every largo nn 1 lull or line of drainage, as well as at the cutis of each cios 
section or line of levels Hxisting buildings to ho preferred for the purpose. 

All Canal, 1 total, Hallway, Great Trigonometrical Survey, or oilier bench-mails 
met with I'n mute, should ho connected with the line of lends. 

Thu error or diil'eruneo in any circle of lends ought not to exceed one foot per 
hundred miles traversed. Small errors arising from incorrect rending of the staff, 
not holding it vertically, high wind, and Hindi like me inseparable from nil levelling, 
hut tliesu will not, he found to aecumvlate if Iho work bo carefully done. Atta- 
dairy, however, has long been observed, though as yet, unaccounted for, to a small 
cumulative error in the direction of the levels ; hut I his is not found to affect prac¬ 
tical operations materially. Where great neenruey is required, such ns in the proof 
levels of a ennui channel, it is advisable to. level twico over the same stations with 
the name instrument, the second luvcl being carried in the reverse direction to the 
tlrst i the mean reduced level of each station will he ns nearly accurate ub it is pos¬ 
sible to obtain it. 

For the purpose of determining water-sheds on or near to which it is an object 
to carry irrigating channels iu a generally level country such as wo have to deal 
with, cross sections at intervals, perpendicular to the supposed wator-slied, or line 
vanning eanti'icuUy between the drainage lines on either side of the water-stall, will 
he found most advantageous in economizing timo and labor. No rale can be laid 
down for the distance between any two successive cross sections ; it must bo regulated 
by iho features of the country. For the general alignment of t,lio main channels 
between two large rivers, the interval should not exceed 10 miles. For the actual 
lining out, nod for the minor channels, the interval probably should not exceed five 
miles, or possibly less j though in most cases, I believe, it will bo found to answer 
the purpose hotter to map out the drainage of the country minutely than to tab 
eross sections at smaller intervals than five miles. 

Cross sections should be connected by longitudinal lines between their extremities 
to test the accuracy of the work j the hitler, unless intended for some other special 
purpose, may be carried on the most direct lines between the points to bo connected. 

Wherever drainages are met with, enquiries should lie made ns to their courses 
both above and below the line of levols, names of villages near which they pass, > 
by thus observing them in eitch successive line of cross section, a very complete plan 
of tho drainage of the country is obtaiuuhlo, ns rvoll ns a connected scries of levels 
along the beds of the outfalls. 

Similar information to that detailed above should bo obtained with all levelling or 
surveying for rajbuhns, drainage projects, or any other work connected with irri¬ 
gation. 
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In levelling for the longitudinal section of n river, the line should follow generally 
the main water channel, the stations being invariably on the bank or dry ground 
near tire edge of the stream. Tho level of the surface of the water at intervals 
(noting date), of ordinary floods and highest known flood ; tho position of top 
and foot of rapids (if any) and level of surface of water at each point to be noted. 
The depth of water to bo measured in tho deepest part of the channel where the 
=nrfnec level has been observer!. Cross sections at right angles to the direction of tho 
river should he taken at intervals and connected with the series of levels, showing the 
bed surface of water level of ordinary and highest known Hood. The survey should 
show nil minor channels and atllueiits (if any), ami as nearly as possible the extent 
of land under water in high floods. The nature of the bed, whether of boulders, 
sand, clnv, &c., should be carefully noted. 

A prismatic compass held in the hand will he found very useful in filling in details 
off the line of the series of levels. If the variation of the needle is not identical v ith 
that of the level employed, the bearings should lie reduced before entering in tho 
field book to the meridian of the latter. Most of the side measurements, where great 
accuracy is not required, may be made by pacing. Two and a half or three feet paces 
will be found most convenient as admitting of easy reduction to feet. 

The scale generally for protraction of levels should be 1 mile to 1 inch. For the 
sections, the huri/.ontal scale same as for the protraction ; the vertical, 100 times the 
horizontal. Larger or smaller scales may be necessary for special purposes; hut 
almp measures or aliquot parts of the onc-mile-to-tlic-inch scale. 

On every protraction of levels, besides the heading, tho following must never bo 
omitted. Date of the survey, name of the Mmcyor, scale and meridian line ; tho 
numbers attached to the several still ions on tho section to he identical with those on 
the protraction. 

All details noted in tho field-book should be transferred to the protraction or sec¬ 
tions i a sketch and n short description of each bcneh-uinik to he entered on the back 
or margin of the sheet ill which its position is shown. The information is thus moro 
accessible than if old field-books have to lie searched for it.. 

If a map is to be compiled from levels or surveys taken with more than one in¬ 
strument, it will be found best to protract the work done with each instrument on 
separate sheets, to bo subsequently transferred on to the map. 

Sumy and lining out Canal Channels .— Preliminary Survey .—After the posi¬ 
tion of the line, which may generally ho assumed as the watershed, lias been ap¬ 
proximately determined by means of the crons sections, or otherwise, nn accurate 
traverse with the theodolite should be takou over it, including a survey of the ground 
for about half a mile in general, or further, if deemed ncccssaiuy, on each side, which 
should give information on the following points, via. : features of the country, if ir¬ 
regular! nullahs, lines of drainage and jheels wherever met with; snnd hills 
or ridges ; towns and villages, wells, buildings, whether of masonry or mud ; roads, 
whether regularly lined out or merely cart tracks—if tho former, the hearings should 
b» taken ; places between which thoy run (whether tracks or made roads), and 
whether they are lines of traffic or merely village communications, should be care- 
ndly ascertained (this is useful afterwards in determining the sites of bridges) ; 
village boundaries, &c. ; such minutiae as the boundaries of fields me unnecessary ; 
those of gardens may be useful ; in fact, everything which is likely to be of as- 
iutance in determining tho precise line, or which it would be advisable to avoid 
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if possible. A survey of this nature, carefully taken, will generally admit 
choosing a line which will injure property or disturb existing rights in the lent-' " 
sible degree. 

The accuracy of the traverse Is flic point to be chiefly looked to j the . 

tween the stations on it should be as long as possible ; never, if practicable ] e .-pi'" 
r mile, as the probabilities of accuracy in observation arc greater in the c.wcnf i'-t 
than short sights, and the plotting is easier as well as more likely to be m. ec 
The sights to the station poles should be taken as in ordinary traverse snrvovirw 
should shmv the magnetic hearing of the lines, or their supplements; these should hi 
checked by repenting the observation at each station, thus : —Clamp the upper tip* 
on zero of the lower and fix on back pole ; then turn upper plate round to sislit f-™ 
pole, noting the angle in the field-book ; this angle should equal the difference or fa 
magnetic bearings first observed. This will check the directions of the traverse lira 
To check the distances between stations -.—Fix on a well defined point some distance 
to one side, say a mile, and observe to it from every station from which it is visible 
If the distances have been measured and plotted correctly, and the bearings arc i;. 
curate, the latter will all meet iti one point on the map, 

The stations may Ire marked on the ground by large pegs, about three feet lots 
driven well in. If their future identification is tin object, and there is a chance of 
the pegs being destroyed or removed, a glimrah filled with charcoal, huriedat «n» 
depth below the surface of the ground, will give the means of finding their sites 
again with sufficient accuracy for all practical purposes. The surest way, hmcici, 
is to note their distances and bearings from any easily recognized and pormiaixt 
objects which are not likely to bo disturbed, if such should bo found sufficiently 
near for the purpose. It will bo found most convenient to fix all stations on mounds 
or rising ground. 

All healings taken with the theodolite should be noted to the smallest portion of a 
degree its graduation will admit of ; for, although they cannot be plotted nearer than 
to a minute, close observations arc necessary to ensure accuracy in a long line of sur¬ 
vey. Bearings should be taken, to all well defined objects, such as spires of temples, 
&c., wherever visible ; though possibly useless for the special purpose of the tuner, 
they may be of importance hereafter in giving the means of joining on other survtji 
to any of the traverse stations. 

The angles on the side, surveys may he tnken with a good compass, prismatic, or or 
any other description available ; the actual bearings, as shown by the instrument em¬ 
ployed, being entered in the field-book, i. c., no correction being made in the JkW fur 
the variation of compasses (if any). Villages should be traversed round, so as to 
determine their outer limits, but no interior survey is required. These should 1)6 
connected with points on the main line of traverse ; the correctness of the junction 
line may be tested by observing from several points on it to some object in or uccr 
the village (such as a large tree, house, &c.), which has been well connected with tin 
boundary survey of the village. 

As the choice of a good lino and the actual lining out on the, grotmd'vcrymrin 
depends on the accuracy of map, this should be placed beyond a doabt, if posiba 
before the lino is chosen and marked on it. The time occupied in taking chefs 
observations and measurements in the field will be well repaid by the facilities a&if- 
ed to the subsequent work by a really accurate plan of the country, 

jit will he found convenient to have two descriptions of poles (jlrandees) for serarg 
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_ CB Nations to which observations arc to be taken, one Tor use in windy weather, 
■-e-EMl with a ^ a " ! ^ 1C ot ' ier when the air is calm, with a small “ moon ” (made 
riTcr i n£ , a wooden hoop with calico), about 1$ tcet diameter ; as a ting when 
- ■•flun" free is scarcely more distinguishable at a distance than the bare pole. On 
revenue siuvev, poles painted in foot lengths, white and black alternately, are 
rHowl, which makes them visible at n far greater distance than the common 
nncolurcd bamboos. 

Tiic position of the actual water-shed near the line of traverse should he carefully 
r=cedaincd and noted on the map. 

r 0 W f__Xf the levels of the water-shed admit, the nearer the line of canal 
arrraximates to it the better : the interference with the surface drainage of the 
c'antrv being then the least possible. It should he laid down in straight lines ns fnr 
js practicable ■> the fewer the curves the better ; none, unless in special cases, of les3 
radius than three miles or Id,000 feet, though curves of j.OOO feet radius on the Bares 
Boab Canal have been found to answer very well. It is of course a desideratum to 
avoil villages, buildings, and valuable property of all kinds if possible, and this 
ras rer.cmlly ho effected without sacrificing the primary considerations which 
should guide the choice of a line, if the map be accurate and give sufficient detail. 

Wherever the waters bed cannot be adhered to exactly, ground should be chosen 
turn which the surface drainage can cither he passed into the canal channel or turned 
c3 in some other direction ; otherwise jheels and swamps will form after rain on its 
eater-died hank. It should he considered, however a standing rule, that no drainage 
water should enter the canal channels, large or small, unless it be impossible to dis¬ 
pose of it in any other way. 

The centre line of the intended channel having been laid down on the map, and 
from it transferred to the ground, all boundaries, &i\, can subsequent!- be demarcated 
from it. In laying down curves on the. map, the use of *• French curves,” or card 
board cut to the required shape, will he found to facilitate the process considerably. 

The following is recommended as the least laborious method in the description of 
country with which we have to deal, of transferring the line on to the ground, and is 
sr,(adroitly accurate for all practical purposes. 

First, for the straight portions. Find the approximate bearing of the line and 
measure offsets to it from two survey .stations, say two or three miles apart, on the 
nap. These offsets measure off on the ground ; two points are thus obtained in the 
required line, which may then he produced either way at pleasure. 

Where a curve is required, produce the tangents (obtained as above) on the ground 
tiil they meet, marking their intersection as described for survey stations ; the angle 
Utwccn them may then he observed, and their lengths found by calculation for a 
curve of the radius previously determined on the map. Measure off these lengths 
from die intersection, marking the commencement and end of the curve thus obtained 
by large pegs. In cases where the intersection falls on ground from which the lines 
of tangents are not visible, the nnglc between them must be obtained from the map, 
end the lengths calculated therefrom. The points marking the termini of the eurva 
being thus determined on the plan, they must be transferred to the groimd lines by 
measurement from some points fixed by the survey. 

In laying down the curve itself, it, will bo sufficient for all practical purposes to fix 
points at such intervals that the versed sine of the intercepted arc should not exceed 
0 ?5 foot, or thereabout Those points may be obtained by offsets from the tangents 
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where the maximum length of such offsets does not exceed 80 to 35 feet ; a i, oye , v 
limit, it will be advisable to adopt the method of offsets from chords. Caleui-v'-' 
number of chords of a constant length (1000 feet or 2000 feet answer best in 
and the length of the remaining chord contained in the curve. Proceed to lav ft.'.' 
down in the usual way with theodolite and chain commencing from one end of Co¬ 
tangent i if correctly done, the end of the last chord wall fall on the peg marking * 
termination of the other tangent. 

If there is some small difference on closing (and in a long curve this general 
occurs in direction ; seldom in length), correct thus— 



Supposing A C' D' E' B' to be the line as laid down on first trial, and A C D EB 
the correct one ; the distance B B' being measured, the corrections for the other chori 
ends or distances E E', D D', C C', may he found by assuming the space between iti 
two curves to he a triangle, and the lines, E E 1 , &<•,, to he drawn parallel to the ti =9 
B B' ; B B' and the lengths of the chords and the entire curve being known, tb; 
corrections are easily obtained ■, then returning over the curve, couect the positi.at 
of the pegs marking chord ends. If the difference in the length of the curve u 
considerable, it will bo advisable to go over the work altogether again ; this, hiraevir, 
with careful work seldom happens. 

Having thus fixed the ends of the chords, lay off the offsets distant from each other 
not more than 200 feet, if on a curve of three miles radius or upwards ; on curies vf 
less radius the interval should not exceed 100 feet. These points may bo marked Ly 
pegs about 1) foot long. 

Chords of 2000 feet in length will answer for curves of 3 miles radius and upwards, 
for radii of 2 miles and 1 mile, 1000 feet chords. 

In laying down long straight lines it will he found advisable, and in very uneven 
ground absolutely necessary, to use one or two signals of 
much greater height than the ordinary flag staff. Such a 
sigual may be made, as shown in the annexed sketch, by 
connecting hvo bamboos, say -10 to CO feet long, in the form 
of a ladder, joined at top, and about 5 feet apart at bottom, 
by cross pieces at intervals; a “ moon,” formed with a wooden 
hoop strengthened with cross pieces and covered with calico, 
being fastened at top ; the centre of this moon is then ad¬ 
justed over the line by a plummet, and the whole is secured 
in its position by three guy ropes attached to largo pegs. 

Other methods of laying down, curves may bo necessary where the ground is much 
encumbered with obstacles ; but for the description of country usually met with in the 
plains of Northern India, the method abovo described will, it is believed be found tic 
simplest and most practical. 

The ends of curves should be marked by a small cube of masonry sunk to the 
levol of the ground, ns it is difficult afterwards to find the exact positions, if soej 
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-rMUsiicniai-k be not made at the time of lining out. -Bench-marks of masonry (one 
• 1 1 eibe "ill answer! should be sunk to the level of the ground at intervals of 500 
t ■: along the central line of canal, and numbered on top to denote the distance from 
. ^ .a.,, of longitudinal measurement. Those denoting even thousands of feet to be 
. -lei with integers; the intermediate ones thus, It will he found a great 

g. lag of time if the positions of these bench-marks he marked simultaneously with 
t .j lining out, and this may be done by driving ; n two pegs tlius : — 

O P°B 

Central.!..line 

I_I 

O IKE 

Position of B. il. 

f, Tl ^u-aig-lit lines one chain only is necessary; on curves two should be employed ; 
ratm measuring distances along the chords,or tangents (ns the case may he), for the 
ifwts, the other meanwhile following along the curve. By this means the nick 
isa be cut and the bench-marks laid in immediately in the wake of the surveyor ; and 
tLs sOuner this can he done the better, for none but marks of masonry will long 
r-nuin where people uiul cattle are constantly going to and fro. The bench-marks, 
1 , wer, should not bo waited for to commence cutting the nick ; this should be 
Li’ at mice about half a foot deep ; a long narrow cut is not easily effaced. The 
narking out ami cutting the boundary nicks should follow that of the central line. 
II there is any fear of the bench-marks being injured by cattle, &e., cover them with 
3, small mud pillar. 

The chain for measuring distances along the central line should ho exactly 100 
fset long, and its length should he constantly checked, as this measurement must be 
»» accurate as it is possible to make it. 

The zero of longitudinal measurement for the central channel of a canal is the face 
hi the up-stream head wall of the regulating bridge at the head. For the branches, 
cr any minor channels, the same line 011 their respective regulating bridge heads. 

The details of all curves, suell as the angles between the tangents, length of tan¬ 
gent?, number and length of chorda, Stc., reduced distances from zero of longitudinal 
measurement, of extremities of curves, crossing points of roads, nullahs, &c., and 
ail other items of information likely to he useful hereafter in the construction of the 
rods, should be noted in the held book on the spot. 

In aligning tile minor irrigation channels, so great accuracy is unnecessary, as curves 
may be more frequent and of smaller radius ; hut the same cave should be taken os 
in the case of the larger channels, to avoid as far as possible injury to existing 
property or disturbance of existing rights. 

For producing straight lines on the ground, a theodolite is unnecessary; a good 
rtconnuitring telescope will be found to answer the purpose perfectly. 

'2i7, In the actual construction of the line the Cuttings will be laid out 
end made like roacl cuttings, but it is evident that the Embankments must 
be different, as they have to retain within them a large body of water. 
Their thickness must, therefore, be very great on both sides of the water 
channel, and they vary in mean width from 30 to 100 feet, according to 
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the depth of water. If leakage oceurs they must have a wall ofptw.p 
be otlieivuse lendcied watci-tight. 

The method of eonstiacting the cuttings and embankments has 1/ 
sufficiently floated oi m the Section Ear run ore. 

27S. In the annexed Plate aie some eioss sections of the Ganges Cr 
taken at diffeient points along its couiso, showing the channel as on : ~ 
excavated, and tho following account of the method of excavatin' /> 
most difficult poilion of the line will bo found niteicsting 

JP/orn the Putt] i Stye? -pasta //e to the Ihitmoo liner —This is pcrla- r 
most lntciestinu line o£ weak that has been eveavntui The length n ciu-j 
16,810 feet. On its com 1 c it pns~.es tluough a ndgc upon which the nil', 
Guih and S.ivndns aie situated , and with the exception of tho suiiei-'-oil, to a ,, > 
of iiom 7’, to 20 lect, it is entnely excavated tlnougli earth 
with spungs 

Tho w oi k was tedious and veiy expensive; H lequucd, moieovei, the co-tj: 
vigilance oi an uLtive snpuvisoi, to sot that wlmt was done m one dai, wa- cat i- 
tlie action ot the spungs undone the next The spung-w.itei, which is kept dona f. 
impelvions snpeistmtn, uses immulmleh it escapes iiom its bondage Auu i 
winch is intciscctcd bv tlic canal, untu liinsma peicnm.il stienm The [kn.nt* 
of excavating this poition ot the uinnl, may be eompieliemtcd hy explaining that ,r i 
sticnm m question, nnttualh urns oil a level oi $ 18 feet above that of the until hi 
This nulla was moiety nu external exhibition oi the spiing level thiotigW tn 
whole line of countij now iclciied to 

After lemoving the supei-soil, oi that uncoinicctod with spung~, an c~cnps r . 
made neai tho above nulla The distance fioin the Puttu to this nulla i~ 10,-Uii 
so that, in making use ot tho escape, foi the lelicf ot spung-watei duungthe tiers 
tions, a considerable slope was available. The dnection of the spuug cniunt a 



from noith to south, or fioni the high to the low land Tho canal channel mtefiEC. - 
this at light angles. The Executive Engmcei’s plan of operations will be best at 
deratood by diagrams showing the line in plan and section. 
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The tree section of the canal in its full depth is represented by the dots. The wav 
that this was reached will be understood by the shade C, Fig. 2, which represents a 
c.»ch or cunette, in this case a catch-drain for the spring-water which flowed in the 
;iredion of the arrows. This cunette was carried along the whole line of excavation, 
sr.i terminated in the escape No. 2. Both cunette and escape were maintained in a 
mutant state of efficiency ns regards the free run of water. By the interposition of 
,'CTitte C, that portion of the canal channel at D, Fig. 2, was exear ated without trou- 
h 1 ®. as it w as entirely cut oil from its spring supply. The process wa3 a very gradual 
- Ee , As the depth of the cunette was increased, so did the portion X) become leliev- 
rl of its difficulties. It was an operation requiring especial care j and in a pecuniary 
rr-jit of view, the gieatest attention to present the work of one day being obliterated 
tr the action of springs during the night-time. The whole work was however 
c mflttefl, satisfactorily. 

279. The considerations which determine the site of the canal head 
late already been noticed. The canal should be made to tail into a 
rivci or nullah, into which the surplus water unexpended will he discharged, 
and in order to secure an efficient scour, it will be advisable slightly to 
increase the velocity at the end. A fall into the outfall nullah or river is 
generally the best way of effecting this. 

280. The points at which Branches should be tahen off from the main 
line as well as the general course of these branches will be fixed from 
a due consideration of the levels of the country and the extent of cultur- 
able land requiring irrigation. If the main canal has been carried on or 
dose to the watershed or backbone of the district, then the branches 
should be lined out as far as possible on the minor ridges which lie on 
buth sides of the main ridge, the object in every case being to keep a 
■efficient command of level for surface irrigation. There is a further 
reason for carrying the canal channels on watersheds wherever possible, 
viz., to ensure the minimum of interference with the country drainage, the 
importance of which will be explained further on, and to ensure an 
efficient scour at the tail of the channel. The size of the branch channels 
and slope of their beds will be dependent on the same principles as those 
already noted in the case of the main line, and the same remark applies to 
the lifijbuhas or distributing -water-courses which are led off from the main 
and branch lines, and from which it is now the most approved practice to 
deliver the water for the actual irrigation, its further employment being 
left to the cultivators. 

281. Bridges of communication are required wherever roads cross the 
canal, and for the general convenience of the country. On the Ganges 
Canal they were designed at about every three miles; and, when in the 

VOL. II. 2 x 
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vicinity of large villages, are provided with ghats or steps for conveniet- 
of bathing. Caro should be taken to provide sufficient headway under t'- 
arckes or openings for laden boats to-pass easily when the canal has its ft; 
supply. Ou the Soane Canals 13 feet are allowed for this purpose, audit 
is also desirable that the obstruction to the stream presented by the 
should be as small as possible ; for this purpose it will generally be adv ; --. 
able to widen the canal slightly at these points so as to allow a fall water¬ 
way for the stream through the bridge. Otherwise, expensive piecautkxs 
have to be taken to secure the foundations, and the increased velocity wri¬ 
the arches will render navigation dangerous or at least difficult. 

233. A Tow-path should be provided on at least one side of the canal at 
a constant level of 1 to 2 feet above the water surface. It may be from 12 
to 15 feet wide in earthen section, and not less than 6 feet under bridge;, 
the tow-paths should be carried under the side arches, of bridges in no 
case through the abutments or wing walls, the latter arrangement being 
an obstacle to free navigation. 

283. A Road is also desirable on one side of the canal for convenience 
of inspection. It may be 20 feet wide and planted with trees. Tiee 
plantations are also general along the canals of the N. W. Provinces. So 
trees should, however, be allowed within 30 feet of the water’s edge, a, 
their proximity interferes with the stability of the embankments. 

2S4, Chokees or stations for the Engineers and Overseers employed os 
the line are also provided at intervals, and are generally fixed at the sites 
of the most important masonry works. 

These works, which are required for the admission, control and distribu¬ 
tion of the water, or for the passage of the canal across the drainage of 
the country, will now be described. 



CHAPTER X LI X. 

PALLS—RAPIDS—LOCKS. 

285, So loDg as the slope which we determine to give to the bed of our 
•esaal from the considerations above stated, is the same as the natural fall 
of the country through which the canal is excavated, the level of its bed 
will of course remain at a uniform depth below the surface of the ground 
But although this can generally be managed in the flat plains of these 
boabs throughout the greater portion of their length, yet in the upper 
portion of the canal, the slope of the ground is very much greater than 
that which it would bo proper to give to the canal bed, and peculiar 
arrangements have to be made 
to compensate for this difference 
of dope. The annexed dia¬ 
gram will show how this excess 
of fall has to be overcome; viz., 
by laying out the canal bed in a series of steps, so as to keep it at a toler¬ 
ably uniform level below the surface of the country, until the flat country 
is reached where the slope is the same as that proper for the canal. 

The points where the bed is let down from a higher to a lower step are 
called Falls ; and their shape and construction are questions requiring much 
thought and consideration. Their location should evidently, from the dia¬ 
gram, be near the places where the canal bed, if continued without a break, 
would have to be carried in embankment above the surface of the country; 
their exact position is generally made to coincide with the requirements of 
a bridge or some other masonry work such as are described hereafter, for 
the sake of economy of construction, or on other grounds which need not 
be entered upon here. 

It is evident that the fall must be of some more durable material than 
earth to resist the action of the water over the step, and masonry is there- 
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fore employed The bed of the canal has aho to be protected by a ma-on- 
flooring from the plunging action of the water, and the banks mint a h 3 
revetted for a considerable distance below to prevent then being cut aT , T 
The exact shape of the fall itself is a point on rvhu.li there is much 
ence of opinion. Ogee falls of this 
shape rveie employed by {Sir P. Cantley, 
on the Ganges Canal, with the idea of 
delivering the water at the foot of the 
fall as cpiietly as possible. On the Baree 
Doab Canal veitical falls are used, the 
water being received at the bottom into 
a cistern sunk below the level of the flooring, which thus forms an elasu 
cushion, as it were, to rcoeivc the shock instead of opposing a dead resist 
anee to its force; while the accel¬ 
erated velocity of the falling water 
in a forwaid direction is thus also 
checked. The action of the water 
is still further lessened by making 
it play over a wooden grating, by 
which it is divided into a number of filaments or threads, as if it were dis¬ 
charged through the teeth of a comb. 

386, The very daugerous scorning and cutting action of a huge bod? 
of water falling over a height of even a few feet,-must be seen to be fully 
appreciated. The gieater the height of the falls and the depth of water, 
the more violent of course will be the action; those on the Ganges Cana! 
are not higher than S feet, but with 6 feet or more of water going over, 
the action is most sevcie, and nothing but the very best masonry is eapalb 
of resisting it. If stone can be obtained, it should always be used; if not, 
none but the hardest bricks must be employed, laid on an unyielding 
foundation with line mortar joints; the banks must be revetted with 
masonry for a considerable distance down-stream, and the bed of tbe canal 
protected by a solid masonry flooring, the tail of which is defended by a 
row of sheet piling. The fall should be divided into distinct chamber: 
which can be laid dry one by one for the sake of repairs without stopping 
the canal. On the Ganges Canal the masonry flooring is continued to the 
end of the chamber, beyond which, crib-work of dry boulders is employe! 
&s far as the end of the revetment walls. 
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jju re vetmeiit walls on this canal were inclined slightly inwards and 
terminated by curved walls (see Plate), with a view of holding up the 
rier on the flooring, and thus saving the latter from the effects of any 
r , But the result has been, serious cutting of the banks below the 
^ fuds, and the curved walls are now being removed in consequence. 
Oathe Eelra Falls on this canal, the revetment walls were carried straight 
o instead of being inclined inwards, and then terminated by curves form- 
j. j 4 basin; and these have answered better, though it is said the soil is 
there much stronger. 

2 S,“, The following is a description of one of the Ogee* falls on the 
Gages Canal, drawings of which are given in the Plate 
Ik fall consists of a bridge (of eight bays of 25 feet in width each), 
which crosses the canal on the upper levels; to the tail of this bridge the 
egees are attached, delivering the water into four chambers of 51J feet 
eicli in width, every alternate bridge-pier being prolonged on its down¬ 
stream face, so as to divide the space which is occupied by the lower floor¬ 
ings into four compartments; in advance of the three dividing walls, 
which are carried to a distance of 81 feet from the down-stream face of 
the bridge, there is an open space of masonry flooring, which is protected 
by an advanced area of box-work, or heavy material filled into boxes or 
nates, and covered with sleepers, so as to retain the material in position. 
Additional defences are given to these floorings by lines of sheet piling. 
The Hanks of the chambers below the descent are protected by revetments, 

1 Us curve of the Ogee U thus described 


D 



= b 


A1‘ AB 
t 

iSl Per P en< 3iculaf 

E B/ ’tc Flooring. 


Bieect A 1, and fiom the point of bisection at a 
draw a perpendicular cutting the line A C at C. 

Join C 1, prolonging the line until it cute tha 
line D B at D. 

From the points C and D as centres draw tltf 
curves of the ogee, 
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equal in height to the dividing walls These fianka, instead of hema 5 
prolongation of the alignment of the bridge abutments, expand outwamlj 
gaining, on their arrival at the tail of the masonry platform, an exfv.j 
of 20 feet in width. At a distance of 37-^ feet from this point, the fianfo 
mako a slight curve inwards, terminating (on. an imaginary line drawn u 
prolongation of the pier next to the abutment) in massive projecting 
jetties. Between, and on the flanks of these two jetties, lines of piles and 
other protective arrangements are distributed, so as to secure the safe 
passage of the water over the floorings, ancl to admit of the current escap. 
ing from the works with as little tendency to danger as possible. Tha 
depth to which the curtain or upper foundation wall is carried is equal to 21 
feet; that of the tail, with the flank revetments and jetties, is also 20 fat 
288. The result of experience seems to show that the vertical falls with 
gratings as used on the Baree Doab Canal, are the best that have yet been 
invented. Their construction will be understood by the inspection of the 
Plate, and the following Memo, refers to the arrangement of the grating— 
The grating consists of a number of wooden bars resting on an ircn 
shoe built into the crest of the fall, and on one or more cross beams, 
according to the length of the bars. These bars are laid at a slope of 1 in 
3, and are of such length that the full supply level of the water in the canal 
tops their upper ends by half a foot. The scantling of the bars as well as 
that of tho beams should of course be proportioned to the weight they bars 
to bear, plus the extra accidental strains to which they are liable, from 
floating timber for instance, which may possibly pass between the piers 
and so come in contact with the grating. In consideration of strains and 
shocks of this nature the supporting beams are set with their line of depth 
at right angles to the bars instead of vertically. 

The dimensions of the bars used on falls of the Baree Doab Canal, 
where the depth of water is 6-6 feet, are as follows:— 

Deodar wood. 

Lower end of bars, 0'-50 broad X 0'-75 deep, 

Upper end of bars, 0'-25 broad x 0 ,- 75 deep, 
and they are supported on two deodar beams, each measuring 1 foot in 
breadth x 1‘5 foot in depth; the first beam being placed at a distance of 
7 - 5 feet (horizontal measurement) from the crest of the fall, and the 
second 7‘5 feet beyond the first beam. The bars of the grating on these 
Falls were originally placed touching each other (side by side) at their 
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Ln-er ends, as there was not then a full supply of water in the canal. 
There were thus 20 bars in each 10-loot bay. Since then the number of 
tars has been successively reduced to 19 and to 18, the present number. 
The reduction of the number of bars and the equal spacing of the retnain- 
bars is done with ease, as they can be pushed sideways in the iron 
e} i0 .> and along the beams, to which latter they aie held with spike-nails. 
Unee the correct spacing is arrived at, cleats and blocks (as shown in the 
darning) are preferable to spike-nails. 

The end elevation of the bars, shows the way in which the bars aro 
sndereut from the point where they leave tho shoe, i. e ., from the crest of 
the fall. This undercutting lias the effect of making each space as it 
were ‘‘an orifice in a thin plate,” and it facilitates the escape of small 
matters which may be brought down with the current. Large rubbish 
which accumulates on the grating is daily raked off and piled on one side 
rf the fall. This is done by the establishment kept up for the neighbour¬ 
ing lock, There is considerable advantage in thus clearing the canal of 
rubbish which would otherwise stick in rajbuha heads, on piers of bridges, 
&c., or eventually ground on the bod of the canal and become nuclei of 
large lumps and silt banks. 

289, The effect of a fall occurring at the end of a canal reach, is to 
increase the velocity, and diminish the depth of the water for a considerable 
distance above the full. This increase and diminution are gradual from the 
point where this action commences (rather an uncertain question), down to 
the fall itself where, of course, they attain a maximum, so that the depth of 
water passing over the fall is very much less, as the velocity is very much 
greater, than the normal depth and velocity above. This increase of 
velocity before the water reaches the fall, produces a dangerous scour oh 
the bed and banks of the canal, and in order to guard against this, it has 
been found necessary to head up the water at the falls on the Ganges- 
Canal by means of sleepers dropped in the grooves of the piers, which has 
virtually increased the height of the fall, and has been one cause of the 
flooring suffering in places from the violent action of the water. It has 
also been proposed to narrow the falls so as to produce the same effect. 

290. The method most commonly adopted, however, is to raise the 
crest of the falls by a masonry weir; and the height to which it is necessary 
to raise the weir, may be found from the following calculation, as given by 
Colonel Dyas, 
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Discharge over Pall (complete) ~ ml 


> + 


2 gs) 


and discharge in an open channel = 


A„0. 


In which equations— 

A = Sectional area of open channel. 

d = Hydraulic mean depth of same. 

s = Length of slope to fall of one in same. 

v = Mean velocity of current in same. 

h = Height of surface of water in same, above crest of fall. 

I = Length of crest of fall. 


if 


in = A co-efficient determined by experiment varying from 2-5 to 83 
n = A co-efficient determined by experiments varying from 75 to S3, 
The discharge in the open channel and that over the Pall are identical 
hence we have— 

»'('‘ + S ) s = A "(£) 1 

from which we get— 


Z - i 2 A g>is \f%tlg (2 i/hs + n’d) 
m (2y/is + -nlcly 

and if we put g = 32-19083, m = 3, and n — 90, we shall have 


l = 


h = 


•0213,-i As d (-008 hi + d) 
(-008 hs + ay 

(AWy-^and 

V m‘P* ) Igs 


if g, m, and n, are as before 


h = - 125-8122 i 

Having thus got the value of h, deduct it from the depth of water in tie 
channel, and we have the height to which the weir should be raised abow 
the true bed of the canal. 


291. Where gratings are used, these act instead of a weir in check¬ 
ing the velocity of the water above the falls, nnd the following refers to 
their employment in this manner. 

As one main object of the grating is to prevent the stream above the 
fall to which it is fixed from knowing that there is such a thing as a fall 
anywhere below it, the principle to go on in spacing the bars is to arrange 
them, so that the velocity of no one thread of the stream shall be either 
accelerated or retarded by the proximity of the fall. This effected, it h 
evident that the surface of the water must remain at its normal dap?, 
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parallel to the bed of the canal, until it arrives at the grating. The half 
f- 0 t by which the water tops the bars of the grating, as above described, 
causes a sudden drop there, but the acceleration to the current resulting 
fr-® so small a fall as this is not practically felt to any distance back from 
fie fall. 

To take an example, let us assume that V (mean velocity) = 081 » 
(surface velocity), and U (bottom velocity) = 062 v (surface velocity) in 
every vertical line of the current flowing naturally. Then, if we make V= 
2-3 per feet second, we shall have the following velocities at the given depths 
tele® surface in a stream 6 feet deep. 


Depths below surface, 

Velocities 
fleet per second). 

Remarks. 


3-0864 



2-8909 


2' 

2-0953 


Centre,.3 

4' 

2-5000 

2-304G 

> Common difFerence 01955, 
nearly. 

5' 

2-1091 

Bottom.6’ 

1-9136 



What is required, then, is to shape the sides of a given number of 
bars placed in a given width of bay, so that the above velocities may be 
maintained till the water touches the grating, when in consequence of the 
dear fall the velocity becomes considerably accelerated. This accelerated 
velocity multiplied by the reduced area (of space between the bars) should 
give the same discharge, with the canal running full, as the product of 
the original normal velocity and the original undiminished space, the width 
of which is, of course, the distance between the centres of two contiguous 
bars. 

Thus, taking the lowest film (along the bed of the canal) whose nor¬ 
mal velocity is 1*9186 foot per second, and supposing 20 to be the 
number of bars in each 10-foot bay, then the undbninished space for each 
portion of the stream will be half a foot, which multiplied by tbe above 
velocity gives a product of 0*9568, Again, taking the same lowest film 
3s it passes through the gratmg, with a clear fall, and under a head of 
pressure of 6 feet, we find its velocity to be 19-654 feet per second. Now, 
if we call the required width of space between the bars at this point and 
von, ii. 2 v 
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assume the co-efficient of contraction to be 06, we shall have 


19-654 X o 6 


= 0-08 foot. 


Similarly, taking the film on the level of the tops of the bars, or 0 < 
foot below the surface of the water, the normal velocity of which is 2-9557 
the undiminished space being as before 0-5 foot, we get a product cl 
1-4944; and as the velocity of the film falling through the bars is 5.575 
feet per second, we get 


1*4944 _ ~ , . - , 

== 5* 073 x ~ 0 -6 = °' W f ° 0t 

And, lastly, taking the centre film, the normal velocity of which ‘a 
2-5 feet per second, we have a product of 1-25, and as the velocity ofthe 
same film passing through the grating is 13-89 feet per second, we get 

_ „ 1 -a _ a 1 c a _ 


13-89 X 0-0 


= 0-15 foot, 


Hence it is seen that the sides of the bars should he cut to a curve 
convex towards the open space, but in practice this nicety is scarcely 
requisite. 
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jV.-p, the surface velocity lias already been somewhat accelerated by the 
balf-foot drop at the top of the grating; and, in consequence of the ten¬ 
dency of the lower part of the grating to clog with matter brought down 
trthe current, there is no risk of undue acceleration to the bottom velocity. 

The above remarks have been limited to a consideration of the effect 
:auscd by the grating on the channel above the fall. Its effect on the 
channel below the fall is equally important, but this may he gone into 
separately. Tor the present it may suffice to remark that the formula in 
use on the Baree Doab Canal for the depth below the lower bed of the 
channel is 

x = i-V k vd 

in which empirical equation, 

x , is the required depth of cistern, 

h, the height of fall, or the difference of level between the surface 
of water above the fall and the surface of the water below it, 
and d, the full supply depth of water in the channel. 

All the cisterns with depths thus obtained have answered admirably, 
having never required the slightest repair since they were built. 

292. Instead of falls, and to accomplish the necessary change of level, 
Rapids have been employed with success on the Baree Doab Canal, i, e., 
the fall is laid out on a long slope (15 to 1) instead of by a single drop; the 
slope being paved with boulders, laid without cement, and confined by walls 
of masonry in cement, at intervals of 40 feet both longitudinally and across 
stream. The longer the slope, the more gentle is, of course, the action of 
the water; but the greater, also, is the quantity of masunry employed. In 
general, the choice between the two is a mere question of expense and 
material available. On the above canal, rapids were adopted wherever 
boulders were procurable at moderate cost, 

Boulders are the proper material for the flooring of a rapid, and brick- 
woik should not bo used in contact with currents with such high velocities. 
Even the very best cannot stand the wear and tear for any length of time, 
and stone should be used for all surfaces in contact with velocities exceed¬ 
ing (say) 10 feet per second. 

The boulders used should be grouted in with good hydraulic mortar and 
-mall pebbles or shingle. Dry boulder work is not to be depended on for 
velocities higher than 15 feet per second, even when they weigh, as much 
as one maund each, and are laid at a slope of I in 15. There should ba 
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no attempt made to bring- tlie surface of the boulder work up smooth 
filling in the spaces a a a. AH that is necessary is to lay the boulder* 
to jjack them so that their tops are pretty well in line as be- any f irtJ ‘ 

* rf, -“rV'-V, c filling iT1 would stand a & ood chance of being w j 

MMmmlh ° Ut . V017 SOOD ’ and> if * remained > its effect wou’ 1 ^ 
to increase the velocity of the current on the ra- j 
by diminishing the resistance presented to the water by the rough bouP - 
work. ® J 


The Baree Doab Canal Rapids have tail walls of peculiar constmctL- 
for the purpose of destroying back eddies, and of protecting the Catii! 
banks below the rapid from the direct action of the current. Tbe--eh' 
walls are intended to he so arranged that the heaviest action of water -j 
the foot of the rapid shall take place in the widest part, and they mclr- 
towards each other from this point so as to direct the set of the =tre:o 
well to the centre of the canal, thus protecting the banks from the dirt j 
action of the current for a considerable distance,. At the same time, a> 
may be seen from the longitudinal section, the tail walls are not kept at 
their full height throughout, but beginning (a little below the point where 
the curve ends) at the level of full supply only, they gradually beccc= 
lower and lower (slope 1 in 20) till they vanish altogether, where theyan 
on the same level as the bed of the canal. The triangular spaces behird 
the tail walls in plan are filled in with boulders (dry) to the level of t!-. 
top of the sloping tail wall; when the full supply is running these tailwals 
are submerged and invisible, the rapid appearing to end just below the eni 
of the curve. 

These tail walls do not check the “ lap-lap ” or ceaseless wave-like nnii- 
lation of the water below the rapid, but they effectually do away ir.ii 
baelc eddies by keeping the currant always in onward motion, exposing m 
abruptly terminating projection behind which an eddy can form, and at the 
same time they protect the banks by making that motion moderate in it- 
neighbourhood of the banks. 

In case no such tail walls are given, the banks should be faced with bol¬ 
der work, jamah or piling, for a length on each side, of say 300 feet bek» 
the rapid. Some such protection will always be necessary for the bank 

The maximum velocity of current which a boulder rapid will darn 
without injury cannot be exactly determined. But experience has pro® 
that a boulder rapid with a flooring composed of boulders not less the 
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, ne nmund in weight each, well packed on end, and at a slope of 1 in 15, 
Trill not stand a mean velocity of 17'4 feet per second. 

293, It is clear that navigation must be interrupted by Falls, and 
Iriks are therefore necessary for the passage of boats, up or down, the ae- 
£j,,n of which may be understood by an inspection of the Plate. Suppose 
that a boat has to pass from the upper to the lower level, the upper gate 
litriui closed, and the lock chamber being empty. The lower gate is first 
closed, the sluices of the upper gate are raised by which the lock chamber is 
filled with water; the upper gate itself is then opened and the boat passes 
into the lock chamber when the upper gate is again shut. The lower gate 
sluices are then opened, by which the water in the chamber flows into the 
Liver level, the boat sinking with it; the lower gate itself is then opened 
and the boat passes out. The process has, of course, to be reversed if the 
boat has to ascend from the lower to the higher level. 

The locks may either be arranged on one side of the main channel in a 
Lay adjoining the falls, or a separate navigable channel may be provided 
round the falls with the lock arranged at any convenient point on its 
course. This has been done on the Ganges Canal, but it is an expensive 
arrangement, and the small channels have been troublesome from their 
silting up and from the growth of weeds in their beds. The only advan¬ 
tage of the arrangement is to obviate the danger of boats being carried 
over the falls ; but with proper precautions, such as a floating boom across 
the main channel above the bays of the falls, this danger can easily be 
prevented. 

The size of the lock chambers depends on the sort of boats used and 
the amount of traffic. On the Ganges Canal they are 100 x 15 feet. If 
the traffic is heavy, a double set of locks may be required, for the up and 
down traffic to be worked together. 

294. Mills for grinding corn, &c., may be advantageously established 
wherever there are falls on the canal, particularly if in the neighbourhood 
of a town or large village. A separate channel may he cut for the mill- 
race, joining the main canal again below the fall. The following is a 
description of the Pun-chukkee, or native corn mill, in general use on the 
canals in Upper India :— 

On the mountain streams and rivers in the Northern Dodb, the natives use a water¬ 
mill for grinding com, which for its simplicity is well deserving attention, as it 
might he applied in all countries where a Ml of water can he commanded, and 
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where a want of efficient workmen renders the complicated and expensive specie d 
mill machinery, generally used, n matter of difficulty to manage or keep in repr¬ 
int the hands of the natives and with the rude means that they have by them it m- 
be perhaps considered the only sort of mill that could be turned to nny account bo-h 
from the absence of any complication in its parts, and from the simplicity of iu cc'-. 
struction j rendering it in any man’s power, for a trifling outlay, either to'fix bis mill 
at any point that may suit him, or to remove it at pleasure ; the only weighty parts 
about it being the nrill-stoncs, which however, by running a stick through them acl 
yoking a bullock or pair of bullocks to them, may in the neighbourhood of roads ot 
common tracks be also removed with as little difficulty or expense as the rest of the 
machinery. 

A horizontal water-wheel with floats placed obliquely, so as to receive a stteam of 
water from a shoot or funnel, the said float-boards being fixed in a vertical axle pass- 
ing through the lower mill-stone, and held to the upper one by a short iron bar at 
right angles, causing it to revolte with the water-wheel;—the axle itself hannn a 
pivot working on a piece of the baldest stone that can be procured from the shingle 
near at hand :—this with a thatched roof over it, and the expense and trouble of 
digging a out so as to take advantage of a fall of water,—are the only articles requir¬ 
ed in this very simple mill. The plan is so obviously good, not only for the means 
gained, but also from the simplicity rendering the whole almost independent of repair, 
and so intelligible in its parts ns to come within the comprehension of the simplest 
understanding, that it has been adopted generally in all the canals in the Delhi dis¬ 
trict, as well as iu those of the Doilb; and with such success, that the introduction of 
such mills, wherever sufficient fall is provided, is ns much an object, on account of 
the profit arising to the canal returns, as from the accommodation and com cnic-nce 
offered to the community, in providing the means for grinding corn. 

On reference to the accompanying Plate, it will lie seen that thcio is only one 
motion, and that supposing the materials arc good, the permanency o£ the machinery 
depends entirely on the lower pivot. It will also be evident that there is not n part 
of the whole machinery that could not be repaired nnd put in perfect order by the 
commonest village workman, a matter of importance in the absence of mechanical 
skill and practised workmen. Whereas in the plainest undershot wheel applied to 
a mill for grinding corn, there are no less than three w heels of different descriptions | 
the change of vertical to horizontal motion;—and three pivots to keep in order, with 
a friction, even under the most skilful management, tending constantly to disairnnga 
the parts, and render the accompaniments of a forge and blacksmith’s shop absolutely 
necessary to keep the mill in order. 

On the canals it lias been found worth while to construct permanent buildings for 
these corn mills, and although keeping most strictly to the original simplicity of the 
machinery, they are set up with greater care, and means are given for regulating the 
motion, &c., which renders the whole ns perfect as it can well be. 

It would appear that a fall of water (that is to say, the difference of level between 
the surface of the head supply and the float-boards of the water-wheel), equal to three 
feet, is the minimum in which this species of machinery can be used with, any good 
effect; and it has been found that with a fall of three feet, the dimensions of the 
shoot or funnel require an addition in width, to obtain that by -weight of water, 
which the smallness of the fall will not give by velocity alone, and in the dimensioni 
of shoot given to those of a higher class. 
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Tf,£ following are the particulars of mills on the Eastern Jumna canal, divided 
—a three classes from the depth of the fall ; the width of shoot on the sill or waste- 
L-lrJ being 12 inches, and the discharge per second averaging G 5 cubic feet j the 
i aaster of mill-stones 27 inches, and thickness 12 inches ;—the com being ground 
k'o aita or coarse flour, 


Fall c/ 

Class. uater. 

ft. in. 
No. 1 7 6 

2 5 6 

3 S G 


Alla 

ground per hour, 
ind. seer. 

1 26 

1 5 

0 17 


The common mills used in the Jumna and mountain-streams, .are said to grind 
from 5 to 7 maunds of atta per day, or in 24 hours ; the machinery being of the 
mdest description, the supply of water very small, and a great part of that escaping 
through the shoot before it touches the water-wheel. 

The return to Government on the mills is obtained generally by farming them out 
to contractors for fixed periods, who pay so much per day as long as n supply of water 
ejtjal to that entered in the contract is provided, regulated by the depth of water on 
the sill or waste-hoard j this return of course varies not only from the powers of the 
mill, but also from their position relatively to populous towns and cantonments. 

The stones used on the canals are chiefly those from the quarries near Agra, Riip- 
bas and Fatihpur Sikri, a course-grained sandstone, which requires the chisel every 
second day—there are three sizes used— 

First size, diameter 3G inches, depth 12. 

Second „ „ 30 „ „ 

Third „ „ 27 „ » 

The two latter are in most general use. Stones of the usual quality lost for about 
two or three years, that is to say, at the end of that period a new upper stone is pro¬ 
dded, and the old one placed below. 



CHAPTER L. 


DRAINAGE WORKS—AQUEDUCTS—INLETS—DAMS— 
STJPERP ASS AGES. 

395. We now come to the very important class of works by which the 
canal is carried ever the various obstacles to be met with in its course. 

The great expense and intricacy of the works in the upper portion of 
most canals in Northern India, is owing to the number of drainage lines 
running from the hills, across which the canal has to be earned before it 
can be brought fairly out on to the general watershed of the country. Of 
course, so far as it can be laid out, it is made parallel to these lines, and 
not perpendicular to them, but owing to their numerous ramifications, and 
to the oblique line at which the canal has to stait, in order to get clear of 
the river before it can be carried on in a parallel direction, it always hap¬ 
pens that many of these drainage channels have to be crossed; and as 
many of them are swollen to formidable torrents in the rains, and all of 
them are troublesome, the fall of the bed being great, and their course 
often very shifting, it becomes a matter of considerable consequence ho? 
to provide for them. 

396. Much may be done by diversion, i. e., by altering their course so 
as to make them run clear of the canal. A very instructive example in 
this way was the Chukkee torrent on the Baree Doab Canal, for the passage 
of which costly works were originally designed. The Chukkee at the 
time of the commencement of the canal works had two outlets; just above 
the crossing point of the canal, the main channel divided; one, the laiger 
branch running into the Beas, the other into the Ravee. This latter was 
embanked across at the bifurcation, by boulder dams and spurs of the same 
material, protected at the extremity by masonry revetments. By these 
means the whole of the water was forced to flow into the Beas and the 
expense of the works for the canal crossing saved. 
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If, however, the torrent cannot be diverted, it will appear that there are 
three cases under which it may have to be crossed. 1st, When it is on a 
Jiwev level than the canal; 2nd, When on the same level; 3rd, When it is 
_u a higher level. 

39 «. in the first case when the torrent or drainage line is on a lower 
level, the canal is carried over it on an Aqueduct. The valley drained by 
the torrent will be embanked across in the usual way, cave being taken that 
sufficient water-way is provided under the aqueduct for the torrent to pas, 
when in flood. Now, an aqueduct only differs from a bridge in having to 
carry a water channel over it instead of a road or railway. The bridge 
part may he made of wood, iron or masonry. The channel must be water¬ 
tight. and strong enough to carry the water, of course. Sometimes an 
trnu trough is Used, but for large aqueducts a nia-onvy cliatuiel is usu¬ 
ally employed, supported on arches, resting on piers and abutments like 
an ordinary bridge. 

Tim most celebrated instance of this cla^s of works is the Solani aque¬ 
duct un the Ganges Canal. 

This work, by which the canal is carried across the valley of the Solani river, 
consists of an earthen embankment or platform, lai-ed to an average height of ■sixteen 
and a lmlf feet above the country, having a base of 350 fret in width, and a brea 1th 
at top of 290 feet. On this platform the banks of the canal are formed, 30 feet in 
width at top, and 12 feet in depth. These banks are protected from the action of the 
water by lines of masonry' retaining walls formed in steps extending along their 
entire length, or for nearly two mul a quarter miles north of the Solani. 

The river itselE is crossed by a masonry aqueduct, which is not merely the largest 
work of the kind in India, but one of the most remarkable for it3 dimensions in the 
world. The total length of the Solani aqueduct is 920 feet. Its clear water-way is 
Toil feet, in fiftecu arches of 50 feet span, each. The breadth of each arch is 192 feet. 
Its thickness is 5 feet; its form is that of n segment of a circle, with a ri=e of 8 feet. 
The piers rest upon blocks of masonry, sunk 20 ieet deep in the bed of the river, being 
tabes of 20 feet side, pierced with four wells each, and undeisunk in the usual manner, 
these foundations, throughout the whole structure, are secured by every dev ice that 
inuvlcdge or experience could suggest; and the quantity of masonry sunk beneath 
the surface is scarcely less than that visible above it. The piers are 10 feet thick at 
the springing of the arches, and 121 feet in height. The total height of the structure 
above the valley of the river is 38 feet. It is not therefore, an imposing work when 
viewed from below, in consequence of this deficiency of elevation : hat when viewed 
from above, and it when its Immense breadth is observed, with its line of masonry 
channel, nearly three miles in length, the effect is most striking. 

The water-way of the canal is formed in two separate channels, each 85 feet in 
width ; the side-walls are 8 feet thick and 12 feet deep, the depth of water at fall 
supply level being 10 feet. A continuation of the earthen aqueduct, about three- 
VOL. II. - Z 
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quarters o£ a miLe m length, connects the masonry work with the high fcatkr- 
Roorkee, and brings the canal to the termination of the difficult portion of its 

298. The second case is whore the torrent is crossed on the same lei- 1 
It may be a small drainage channel only occasionally filled, or at • 
never biingiug down but a small body of water. In that case it 
becomes an Inlet, ancl is provided for bj 1 - an arched opening through tr- 
embankment, by which the water can bo passed into the canal. In t' . 
way all mere surface drainage is provided for at various convenient po'n j 
though as the course of the canal when once clear of the difficult ground 
above, lies close to the watershed of the country, the amount of intercept! 
drainage is small. 

But if the toirent is of large dimensions and bringing down a grs„: 
volume of water at a high velocity, the above method will not answer; th a 
the water, loaded with silt, would choke up the canal bed, and its fan 
would destroy the embankments and. do irretiievable damage. Ikre 
elaborate arrangements have therefore to be made, the natcue of wL. h 
will, however, easily be uiulei stood from the following diagram. 

B is a regulating bridge across the canal channel provided with the 
usual sluice gates. A is a dam across the chan¬ 
nel of the toirent provided with flood gates. Un¬ 
der oidinary circumstances A is closed and I! b 
open, so that the canal water flows along as usual 
But, when the torrent is in flood, then A must be 
open and B closed, so that the flood-water may 
cross the canal, and run down its o"h channel 
The bed of the torrent below the dam mint to 
paved for a certain length to prevent erosion, sr,i 
the sides of canal ancl torrent have to be revetted for a considerable length 
to prevent their being cut away by the water. 

The finest example of these works is at Dlmnowrie, on the Gange= 
Canal, where the Rutmoo torrent is passed. 

The dam itself consists of 47 sluices of 10 feet in width, with their sills flash mti 
the canal bed, separated by pieis of 31 feet. The above are flanked on each sid'ty 
five overfalls of the same width, having their sills raised to a height of 6 feet, wi 
inteimediate piers of the same dimensions as those in the centre sluices. On t-» 
extreme flanks are platforms Taised to a height of 10 feet above the canal tel, at. 
corresponding in height with the rest of the piers. These elevated platforms, irii4 
are 17 feet in length, me connected with the revetment esplanade by inclined pta-s 
of masonry earned through the flanks of the dam. 
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The amount of waterway, therefore, through the sluices, up to a height of 6 feet, 
is equal to 470 feet in width ; to a height of from 6 to 10 feet, it is increased to 570 
l'ect, and when flood water rises above that height, the water passes over the full 
expanse of the masonry, which is equal in width to 800 feet. 

Pur the ten sluices on the flanlts, the closing and opening is effected by sleeper 
plants for which grooves are fitted to the piers. For the centre openings, drop gates 
are provided, which are retained in their upright position by chains against the 
pressure of the eanal water from the inside, and which, on the occurrence of a flood, 
ran he dropped clown on the flooring by releasing a catch, and allow the flood water 
ra puss through the openings. When the flood is over, the gates arc raised upright 
tv a moveable windlass, the pressure of the water being temporarily taken off by 
dropping planks into the grooves. 

0u the down-stream side of the dam, a platform of box-work, filled with river-stone, 
extends to a width of feet from the masonry flooring ; this is held in position by 
double lines of 20-fect piling, strongly clamped together by sleepers fastened on to 
tie upper surface, the slope of which is 2 J , feet on an incline down-stream. 

The regulating bridge lias ten water-wavs each 20 feet bread, and provided with 
gates, to prevent any flood-water passing down the canal. In addition to this 
theie is a roadway bridge, and about a mile of revetment walls, all resting on blocks 
of brick masonry, sunk to a depth of 20 feet below the canal bed. The whole of this 
work is protected by a forest of piles, and an enormous number of bottomless boxes 
filled with boulders. 

By a double tunnel, upwards of S00 feet long, the river, when not in flood, flows 
under the canal. 

290, The third case is where the torrent crosses on a higher level; 
when it lias to be carried over on an aqueduct, generally called, in that case, 
a Superpassage, to distinguish it from the first case where the canal flows 
over the torrent. This, of course, becomes a very expensive and trouble¬ 
some work, as a large water channel has to be allowed to carry any extra¬ 
ordinary flood over the canal in safety, and sufficient head-way must be 
allowed under the superpassage so as not to interrupt the navigation. 

It possesses, however, the great advantage of keeping the eanal com¬ 
pletely free from any influx of flood-water from the torrents, which is 
always more or less heavily charged with silt. It has the additional re¬ 
commendation of not requiring the maintenance of a large establishment 
every rainy season, as in the case of a level crossing, where the regulating 
apparatus must be worked by manual labor; and lastly, the canal supply 
can thus be kept up uninterruptedly, there being no necessity to shut it 
off at the crossing to keep the silt laden flood-water out of the channel 
below. These recommendations apply equally to passage by “ aqueduct,” 
and render them both generally preferable to a dam when the levels will 
admit of the substitution. 

There are two fine examples of superpassages in the Northern Divi- 
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sion of the Gauges Canal, by which the Puttree and Ranipore to> S i 
are crosbed. These have a clear waterway between the parapets of 2 aiu 
300 feet, respectively, and when the torrents are not in flood they are j 
as bridges of communication. 

I have preferred however to give a detailed description of the Beevuuar, 
superpassage as designed for the iSutlej Canal. 

Taking the catchment basin of the Seesooau tn t)c 8 miles in length by 3 uu [ 8j ,, 
width, we obtain an aiea of 24 squiuc miles, which -would ghe a maximum t ,m. 
fall to he eauied off of 7,752 cubic feet per second, agieeing very closely with tie 
discharge calculated from the area of the section at the canal crossing, with the 
city due to a declivity of 1 in 794 ; to puss of this discharge, a waterway nf loo 
wide by Q} feet in depth, on the above declivity will bo required. 

The difference of level between the beds of the canal and the torrent is 2P03 
which is thus disposed of :— 

Depth of water in canal, .. .. .. yog 

Headway up to soffit of ui eh, .. .. .. .. .. .. 10 00 

Thickness of arch, .. (10 

Brick-on-edge flooring, .. .. .. .. .. .. 103 

Total, 21-33 

The canal channel will be spanned by throe central arches of 45 feet span each, 
and two at the sides of 32 feet each j tow-paths 74 feet wide in the eleai- will he cat 
ried under each side arch, leaving an aggregate water-way of 184 feet Themtan 
waterway of the canal channel is oidy 177 feet : the addition is made in this wodr, 
in consideration of the impossibility of increasing its dimensions should the canal to 
required to carry a larger (supply hereafter. The waterway for the torrent above, u 
projected in one channel loOfeet wide at bottom, with side walls (head walls oi the 
work) 10 feet in height, 5 feet thick at the base, 4 feet at top ; the floming over the 
arches will he formed of asphalte or some substance impervious to water, the upper'tir- 
face being covered with some hard material, probably u Inj'er of kunknr slabs; the lurk¬ 
ing of the abutments will he of puddled clay covered with a flooring of kunkar, slag or 
boulders, packed in cribs. The foundations of piers and abutments most here te 
undersunk, the surface of the springs lying some 5 feet above the level of the caul 
bed, below which it will not he possible to drain. The foundations of the wing-wall* 
need not he carried lower than the bed of the canal at their junction with the abut¬ 
ment, thence diminishing upwards by steps, ns shown in the plan ; the tow-path re¬ 
taining walls being quite separate from the body of the work, and having no weigh! 
to support, will not require foundations deeper than 4 or 5 feet, which may be laid in 
with the aid of pumping ; the wing-walls will ho carried out sufficiently far, up ml 
down-stream, to keep floods well away from the edge of the canal excavation; crib- 
work revetments, 130 feet in length, with spurs, will be added at their exhcmitiei to 
preserve the hanks from cutting and keep the current in the proper channel. 











C HAPTER LI. 

HEAD W OR1CS—DAMS—REGULATORS 

300 . It remains to describe the works which are required for admitting 
and controlling the supply of water in the canal, and for distributing it 
for the purposes of irrigation. 

The works at the head consist essentially of a Dam across the river, by 
vhich the water is held up and checked in its onward flow, and a Regula¬ 
tor across the head of the canal channel, by which the proper quantity of 
water is admitted. 

In most cases the canal is taken out of a blanch of the mam river, and 
the permanent dam is thrown across the branch only, the water being 
diverted from the mam stream into the branch by temporary dams con¬ 
structed of boulders, which are swept away on the rise of the nver, and 
are annually replaced. This arrangement has chiefly been due to the 
very heavy expense which would be incurred in thiowing a permanent 
dam acioss the main river itself, and perhaps, to a fear of meddling 
more than is absolutely necessary with the normal flow of such rivers as 
the Ganges, Jumna, &c. 

But the disadvantages of the arrangement are very serious, as will ha 
Teadily understood with a little explanation. The great rivers rising in 
the Himalayas aie at their lowest during the months of December, 
January and February. In March and April the increasing heat begins 
to melt the snow on the high ranges, and causes the river gradually to 
swell and rise until the mouth of June, when the periodical rains com¬ 
mence, and the river rises still more in June, July and August, in which 
last month it attains its maximum, falling rapidly in September, October, 
and November. 

Now, the months in which the water is more especially valuable to the 
niltivatoi are February and March, when the spring crop is coming to 
maturity, and September and October, just before the mme crop is sown, 
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i. e., at the two periods when the river is beginning to rise, and commer 
ing to fall. It is, therefore, essential that the temporary dams annually 
erected should be in position in September (if possible), and should b'j 
maintained until April; and, in general, they are so; but it not uncom¬ 
monly happens that a sudden fresliut may breach or sweep away (h t ; a 
dams before the river has permanently risen for the season, and when it is 
too late to replace them. And, it is always difficult to get the dams built 
early in the autumn, partly from the uncertain state of the river which 
is very liable to freshets, and partly from its being the most sickly season 
of the year for workmen. 

In each case the valuable rubbeo crops suffers, while of course, the 
annual expense of replacing and repairing these clams is also very great 
It is more than probable, therefore, that before long, permanent woiks 
will be constructed at the heads of all great canals, so as to have the main 
stream of the river completely under control, and, not merely the branch 
from which the canal supply is now drawn, 

301 , Dams are either made solid, when they are called Wars (in 
Madras, Anicuts is the local term), or they may be provided with openings 
as is generally the ease in the Upper Provinces; indeed the term 
dam is always understood to mean an open dam in Northern India, or 
one partly open and partly closed. 

The advantage of the Weir is that it is self-acting, requiring no esta¬ 
blishment to work it, and if properly made ought to cost little for repair. 
It is also a stronger construction, better able to withstand shocks from 
floating timbers, &c. Its disadvantages are that its first cost is generally 
greater* and that it causes a great accumulation of silt, boulders, &, 
above it and interferes, far more than an open dam with the normil 
regimen of the river. It is possible that in certain cases, this might 
result iu forcing the whole or part of the river water to seek another 
channel, and the possibility of this should always be taken into account, 
but if the river has no other channel down which it could force its way, 
the accumulation of material above the weir would be an advantage rathei 
than otherwise, as adding to its strength. The finest example of weirs are 
those erected on the Madras rivers, which will be described further on. 
The advantage claimed for the open dam is that the interference with 

* Not aSw&ya. The quantity of masonry in a weir is much greater than in an open dam, to 
the quantity of fine, and therefore expensive work, is loss. 
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the normal action of the river is reduced to a minimum, the strong scour 
oltained by opening its gates effectually preventing any accumulation of 
git above ; its first cost too is generally smaller than that of a weir. 

302. A Dam consists of a series of piers at regular intervals apart, 
on a masonry flooring carried right across and flush with the river bed, 
protected from erosive action by curtain walk of Masonry up and down 
stream. 

Hie piers are grooved for the reception of sleepers or stout planks, 
fcy lowering or raising which the water passing down the river is kept 
under control. The intervals between the piprs is generally 10 feet, which 
is a manageable length for the sleepers. If the river is navigable at the 
head, one or two 20 feet openings fitted with gates must be provided to 
suable boats to pass. 

The flooring must be carried well into the banks of the river on both 
sides to prevent the ends of the dam. being turned, and the banks and bed 
of the river will generally require to be artificially protected for some dis¬ 
tance, above and below the dam, to stand the violent action of the water 
when the gates are partially closed. 

The two flanks of the dam for some length are generally built as weirs; 
that is, instead of piers and gates the masonry is carried up solid to a 
certain height, so that when the water rises above that height it may flow 
over the top of it. The advantage of this arrangement is that it affords 
an escape for water in case of a sudden flood when the dam may he closed, 
while, when the water is low, they keep it in the centre of the river and 
away from fire flanks, and thereby create a more perfect sconr. 

When the river is subject to sudden and violent floods, damage might 
be done before the sleepers could be all raised, one by one; it is better 
therefore to employ flood or drop-gates in such a case; that is, gates 
which turn upon hinges in the piers at the level of the flooring and which 
when shut are held up by chains against the force of the water. In case 
of flood the chains are loosened, the gates drop down, and the water flows 
over them. Hhould the intervals between the piers be over 10 feet, there 
would be a difficulty in hauling the gates up again. 

A bridge of communication may be made between the piers of the dam 
if required. But as it is not desirable to have it obstructed with traffic, it 
may be merely a light foot bridge, or the intervals may be spanned tem¬ 
porarily with spare sleepers. 
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The Jiim and regulator are generally close together mid collected ty 
line of revetment wall. 

The Regulator like the dam consists of grooved piers resting on a 
foundation earned across the canal lied. As floods are made to escape 
down the river, and are shut out from the canal, flood-gates will noH- 
necessary for the regulator, and the water may he admitted and controlled 
either by planks alone, or as is usual, by a gate moving up and down in the 
grooves—-on to which planks can be dropped when necessary, one by one 
The gates are raised or lowered by a windlass and chains; the windlass mar 
be moveable, or one may be fixed between every two piers and worked kv 
handspikes. 

The piers of the legnlator are generally connected by arches so as tu 
foun a regular bridge of communication across the canal. 

The bed and banks must be defended by masonry as in the case of the 
dam, so as to be safe from the water’s action when the gates we opener 
only partially closed. 

The flooring of the regulator at the head of a canal is a convenient 
datum for all the canal levels. A water-gauge should be fixed on it at 
one of the piers, so that the amount of water pasbing into the canal mav 
be accurately known. 

303 . Tito following is a description of the dam and regulating bridge 
at Myapore, the head of the Ganges (Janal, shown in the annexed Plate:— 


The dam, which is 517 feet between the flanks, is pierced in its centre by fifteen 
openings of 10 feet wide each ; the sills or floorings of each opening being raised 2} 
feet flora the zero line. These floorings are so constructed, that if necessary, the; 
may be removed, and a flush waterway be obtained |as low as zero. Tile piers be¬ 
tween the aboi c openings are S ieet in height, so that the elevated flooring leiwes 
the depth of sluice-gate equal to 6J feet. The piers arc fitted with grooves for the 
admission of sleeper or i ane planks. 

The centrical sluices are connected to the flanks by overfalls, rising in gradation? 
of one foot on three series ; the overfall nearest to the flank being raised 10 feet aboi t 
the zero point. The flank walls themselves are 18J feet m height, exclusive of cor¬ 
nice and parapet, which rise 0 feet above them. The top of the overfalls on the 
right and left, as well as that of the piers, is flat ; the former being an esplanade 
varying from 7 to 10 feet in width, which, during dry weather, is connected by a tem¬ 
porary communication formed by planks thrown across the sluice openings. This 
esplanade is at each extremity terminated by a flight of steps, which gives access to 
store-rooms ; in which, when the dam is laid open, and the woodwork removed, the 
latter is lodged for security. The two buildings for this purpose are situated on the 
flanks -, their floors are raised 20J feet from the zero point, and their interior dimen¬ 
sions are 30 feet in length by 16 feet in breadth. 
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The flunk, revetments, which are built on the right and left of the down-stream 
EiJe o£ the dam, and between which the escape water has to pass, have been designed 
sub an inclination inwards equal to 13 feet on a length of SO feet. 

The transverse width of the dam platform is 44 feet, measuring from the op to 
the down-stream face of the woik. Of this measurement 20 feet 11 inches are given 
to the ta d, which delivers the water upon the natural bed of the liver, consisting of 
large boulders and shingle. 

The rev etment which connects the right flank of the dam with the regulating 
bridge, is a plain wall equal iu height to the dam flanks, and with a slope or batter 
of i\ in 20 feet in height. This revetment, on its approach to within 50 feet of the 
bridge, terminates in a line of ghat, or flight of steps, which parses from the higher 
levels to the bed of the canal. The up-stieam wing or flank of this flight of steps 
corresponds in form with that of the wing of the bridge, with which it has a uniform 
curve. 

The regulating bridge has ten bays or openings of 20 feet wide and 1G feet high ; 
each bay being fitted with shutters and apparatus for either opening or closing it. 
The breadth of the platform on which the piers rest is 48 feet, exclusive of the cut¬ 
waters, which pioiect 4 feet heyond it. The roadway is 37 feet 9 inches widebetvvetn 
the tear parapet and the up-stream front windlasses ; it acts as the main line of com¬ 
munication between Hurdwar and Kunkhul. 

The design of shutters for closing the regulators is different to that which has been 
practised on the Jumna canals ; it affords much greater facilities for working, and 
secures either the closing or the shutting of the bays in a much shorter period of time. 

On the Jumna regulators a drop gate is used in a simple groove, and sleepers with 
a scantling of G inches square arc dropped upon the top of the gate. Both time and 
labor are required to close or open the bays when fitted with apparatus of this sort, 
but it has always acted very efficiently ; and opposed to the Jumna floods, has 
done its duty very well. On the Jninna canals, however, there was not the same 
volume of water to contend against, nor the same number of bays to open and shut, 
that exist on the works which we are now describing : and it was necessary, with ten 
bays upon which the safety of the works depended, to devise some quicker method 
than that which acted for three, and, if possible, to economize the labor required for 
using the apparatus. The following diagrams will show in vertical section the 
method which is in use on the Jumna, and the improved method which was adopted 
in the present case. 

Fig. 1. Fig. 2. 



Fig. 1, it will be observed, represents the groove and its cutwater opposed to the 
vol, ti. 3 a 
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up-sUcam cmionf , V represents a gate I loot m depth, wlmh ,s ] vC]lt ,,, , 

in dry senson 1 ; nnrt is chopped down on the expectation nl Hoods , h, fr h t ],.! 1 
sleepers or tong 1 mi-s of limlier, which when (he dinins me voinmcd horn the ^ 
are successively iliopped npon them until the liny is closed. The time that this ti 
is equal to eighteen minutes. 

Fin. 2 shows the improved (lesion, pained by the use of two windlasses. Thr f - 
or oponing.it will lie observed, is dueled into three series, the moie admitted op 
hniing its sill on the zero level; the centrical and rear ones having their sills 0 ] u 
ed in heights of C, feet, retrograding towards the face of the bridge. The shift 
marked No. 1 is dioppod from a windlass on the bitt-hcad 1 ; that mailed h' ( , 
from this bitt-hcad 2 ; that maiked No. 3 consists of slcepeis, which me rai-cl u t 
lowered without tho aid of a w-indlnss. The three pates, tlicicfoie, aie quite iph 
pendent of cncli other; each lias its own sill to lest upon and the whole cm if 
necessary, he worked simultaneously. The gicnt ndi .outage of this methrd ml 
lie undcistond, by supposing that a supply ol water not exceeding 0 feet m de|tt 
is required for canal purposes. In tins ease, the whole of the slmtteis 2 and i nr 
remain closed ; and when floods come on, the whole nE the water-way maj lie sbqp] 
liv releasing one set of gates only. 

The machinery attached to these gates is of the most simple description, intdli 
gihlo to the commonest laborer on thcwoiks, and not liable to disarrangement It 
consists of windlasses, which work in sockets embedded in wooden bitt-heach, suit 
ratchet wheels and catches; the windlasses being turned hv hand-spites, The 
chains are on the liar principle, in lengths of 3 inches, with plain risets, and the 
shutters arc more planks, strung upon iion rods, held at their lower ends hj nuts ml 
terminating above by rings countersunk for fixing the chain upon The wood usM 
is saul (Slwrca robusta), the staple timber of the Sewnlik foiests 

304. The above description may be understood to apply to all tegulator- 
employcd on the canal, as tvcll as to the one at the head. Thus there will 
he a double regulating head where each branch is taken off, one regulatm 
being fixed across the head of the branch line to admit the necessary 
amount of water which the branch is calculated to hold, and the other be¬ 
ing built ncross the main channel at the same spot. By the simultaneous 
working of the two it is evident that the water will be perfectly controlled 

Regulators of smaller size will also be required at the head of each 
Rajlulta or principal water-course, where it is taken off from the main 
line for irrigating purposes. A single opening will generally be enough, 
and gates sliding up and down in the grooves of the abutments may he 
worked by a ratchet and lever, or a windlass with spokes. 

305, But in order to establish a complete control over the water in 
the canal channel, provision must be made for any excess which may arbo 
from sudden rain floods or from the water not being always required for 
irrigation. This is effected by means of .Escapes, which are short cuts 
from the canal to a river or other natural water-course, into which the ex- 
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lltb of water can Lo discharged. Escapes, it has been well said, are to a 
tanal wliat safety valves are to a steam engine. They should be provided 
at certain intervals all the way down the line, and a double regulating head 
should be built at the point where the escape is taken off, as in the case of 
a branch, canal. On the Gauges Canal they were projected at about every 
40 miles, but much must depend on the convenience with which they can he 
made, that is, on the proximity of the canal to the river or u ater-coursc 
into which the escape is to be conducted. They should also, if possible 
le provided at all dangerous points, such as above a long line of heavy 
embankment; where, in case of the bank bursting, great damage would 
ensue. The cut should be made large enough, and with sufficient fall, to 
cany oft'the whole body of water that can reach that point, so that, if ne¬ 
cessary, the canal below the escape may be at auy time laid dry for repairs, 
without stopping its running above—by opening the escape regulator and 
shutting down the corresponding one across the canal. By this means 
also that part of the canal above tbo escape may be opened when complet¬ 
ed, while work on the lower portion can proceed. 

30G. The following is a description of the Klmtowli Escape Head on 
the Ganges Canal, at the G2ud mile, the escape itself being an excavated 
channel CO feet wide at the head and 3-t miles long. 

The masonry head consists of 10 openings of G feet in -width each, their height 
from flooring to the soffit of the arch being feet; the flooring is raised 2 feet 
above the canal bed in gradations depending on the working of the gutua and alee] -ers. 
The transverse width of the flooring is equal to G1 feet, 10 of which form ike tail 
which is laid on a slope (inclining down-stream) of 1 foot from the level of the canal 
lull. The flanks of this work arc protected by masonry revetments, and the usual 
fiends of piling und rubble work, with which the floorings are al&o covered and piu- 
fletod from the wear nud tear of the current on it-, approach and departure, by box- 
w uik aproiia. 

In cuiiscqueiicc of the magnitude of the canal embankments at IGiutuwli, and the 
elevation of their upper esplanade, which is 2Ua feet above rlie canal bed, the appara¬ 
tus for opening and shutLing the sluices has been covered by a lino of building, the 
loaf of which corresponds with tlic higher levels, and, therefore, ueto as a roadway, 
without interrupting the communication on the hank. The supports fur the vrind- 
Ussls, which consist uf upright timbers placed in the form of u cross, act also us 
' ujiports tu the roof, and give great additional strength to the building. It will 
be seen by the plan, thill the chains attached run over an upper idler, by which 
tlic whole water-way is relieved, by the gate being drawn up through the slit made 
in flic flooring, und inised us high us the roof : the design is of the simplest dcscrip- 
liuD, it is exceedingly strung, and iiom its being protected irom the weather, and 
iioin distiiibailees arising from tlic other causes, it is hoped that the working will be 
kit efficient. 



CHAPTER L 11. 

RAJBUHAS—MEASUREMENT OP WATER—IRRIGATION 

DETAILS. 

307. The distribution of the water, it has already been explained, 1 , 
effected by means of Rajbuhas or principal water-comses, which are small 
branch canals with a masonry regulator at the head, from which the culti¬ 
vators make then- own water-courses to their fields. On the older canals, 
irrigation was carried on from the main channel itself, the water-courses 
being constructed by the Zemindars; but the inconveniences arising from 
this practice were found to be so great, arising chiefly from waste of water, 
that the rajbuha system is now geneially adopted. In this system we may, 
as Sir Proby Cautley remaiks, consider the canal as answering to the 
Reseivoir or supply channel in the water-supply of towns; the rajbuhas 
or Distributaries as the Mains, and the village water-courses as the Ser¬ 
vice channels. 

The rajbuhas, constructed ou the most approved system, form a conti¬ 
nuous line of irrigating’ channel on each side of the main canal, and gene¬ 
rally parallel to it. This line is fed by cuts from the main canal at regu¬ 
lar intervals (say three miles) apart, wherever the levels of the giound 
admit of it, and in the rajbuha are fixed the heads of irrigation of all the 
village water-courses, which are made by the villagers themselves. 

The rajbuhas are laid out by the Canal Engineers, and are under their 
exclusive control for maintenance and repair, but on some of the canals 
they are still the private property of the Zemindars, who either advance the 
money for their construction, or repay it to Government if (as is generally 
the case) it has been made with Government funds in the first instance 
But it is in every way desirable that the rajbuhas should be considered as 
part of the first cost of the canal, even if a higher water-rate has to be 
charged to cover the expense of their construction. 
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SOS. The level of the bed of the rajbuha should be fixed rather with 
reference to the full supply level of the canal than to the level of the canal 
bed, chiefly because it is an object to keep the rajbuha bed at a sufficiently 
high level to admit of surface irrigation ou its whole line as far as possible. 
Moreover, the nearer from the surface that water is taken off by a rajbuha 
head, the less will be the silt which enters the rajbuha and the less the 
annual labor of clearing the bed. The bed of a rajbuha will, therefore, 
generally be from 1 to 3 feet higher than that of the main can al 

Its section may be as shown in the Plate. 

The declivity should he regulated as far as possible by the m axim um 
velocity of current which the soil will stand without cutting away, and as 
the body of water is much less than in the main canal, the slope of the bed 
may generally be greater—2 feet a mile is not too much. 

If falls are rendered necessary by the profile of the country, they must 
be provided on the same principle as those on the main line, and it is 
even advantageous to have one at the point where one rajbuha tails into 
another, to get rid of back-water and prevent the accumulation of 
silt. Escapes are also advisable where they can be provided. 

Rajbuhas may be cleared of silt twice every year, viz., in April and 
October, or when the water is least required. The floorings of all bridges 
and other masonry works built over them, will of course have been carefully 
laid down to the proper levels, and will give so many permanent bench¬ 
marks for restoring the correct level of the beds. 

309. The* greater the amount discharged by a rajbuha the smaller 
will be the proportion of cost of maintenance to the revenue derived. This 
is evident, when we consider that, “ cwteris paribus," a channel 12 feet 
wide discharges more than double the volume delivered by two, each 6 
feet wide, and consequently has more than twice their irrigating capacity, 
while the cost of patrolling and repairs to banks on the first will he just 
one-half that on the two last. The carrying powers of large volumes of 
water being also greater, the deposit of silt in the 12 feet rajbuha will he 
more gradual than in the 6 feet channels, thus doing away with the neces¬ 
sity of frequent clearances. The actual amount of clearances during the 
jear is also diminished, for a great portion of the silt which would be ra¬ 
pidly deposited at the head of a small line, is carried along and dropped 
into the water-courses branching off from a large one. The labor of clear- 

* ThlB paragraph in taken from a Memorandum "by Major Brownlow, R.E,, lain Superintendent 

*t the Eastern Jumna Canal, 
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auce is thus in some measure thrown on the cultivators, who would hau 
to pay for it in any ease, hut by whom it is much more cheaply pcrfornu.4 
than by the Government working parties. Tor the above reasons, 
Brownlow advocates the adoption of capacious heads for rajbulia channel 
the limit of discharge being the ability to control the volume of vateriii 
case of a broach. Experience seems to prove that irrigation may he safelv 
and most profitably carried on from channels 18 feet wide at bottom, with 
side slopes of 45°, depth of water being 3J to 4 feet, provided that the bttl 
be kept at least 2 feet below soil for the first ten miles of its course and 
that no outlets be allowed in subsequent embanked portions of the line 
Also that no rajbulia maintained by tlic Government should have ah" 
width than G feet at head. On the Eastern Jumna canal dining ISoS-l'j 
and 1S50-G0, the revenue from all rajbuliahs of 12 feet head water-wav 
and upwards, amounted to rupees 1,2‘J,G18'7G, while the expenditure uii 
their maintenance was rupees 1G,038'U5, or T23 of the revenue, Tim 
revoime from all rajbulias below i2 feet water-way at the head was rupees 
i?,G7,0-19 - 83, and cost of maintenance, rupees 50,579-87, or •223 of the 
revenue, being very nearly double the proportion in the first ease. 

The economy of water on the large channels is equally marked, fur, 
during the above named two years wc find the revenue from 

7 rajbulias of 12 ft. head water-war and upwards, lls. 1,29,013-76 

43 „ of C „ „ „ „ 2,16,432 SG 

29 „ of 3 „ „ „ „ S0.G1G U7 

giving an average revenue per amiuni of 

llnpecs 9,258-48 from u rajbulia of 12 feet head watcr-vmy. 

„ 2,208'5S „ of G „ „ 

„ 872-70 „ or 3 „ 

Measurements made in 1855 gave 8G, 32, and 22 cubiu feet, us the 
relative discharges in cubic feet pier second from 12 feet, G feet, and 3 feet, 
heads on this canal; but subsequent measurements suggested a modifica¬ 
tion of the proportion to 90, 32, and 22 ; adopting which, vie have as Ills, 
relative values of a cubic foot of water per annum— 

llupces 102'87 on 12 feet rajbulin. 

„ G9-C0 „ G „ 

,, 39'Gd ,, 3 „ „ 

or 10:7:1. 

The increased action oE absorption and evaporation on the small cliau- 
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i,J«, Trltli diminished volumes ami feeble sluggish c-unviits, accounts for 
,[ p difference above shown. 

The depth of water in rajbuhas should never exceed 4 feet, but in cariy- 
m cr out a new line of irrigation we should aim at keeping the surface of 
water at about 1 to 1^ feet above the general surface of country, so as to 
secure irrigation by the natural flow of water. Under these conditions 
breaches in the hanks need never be feared, with ordinary care in their 
construction and maintenance. This object, however, is to be kept in due 
subordination to the primary desiderata of a reasonable longitudinal slope, 
and an alignment following the watershed of the country. 

Where the existing supply on a rajbnha becomes insufficient for the de- 
Tiinntl. it will be in the end found more economical to increase the di-s- 
charee by widening the original channel fov a suitable distance, than to do 
carrying the required additional volume down from a second head as 
is often done; against the latter course all the arguments before adduced 
hold good, while the back-water from the head which is running the 
strongest, is sure to check the velocity of water in the other, and so im¬ 
mensely accelerate the deposit of silt. 

Two heads may under peculiar circumstances be required for a rajbnha, 
but in such a case, their junction should be at least two miles from the 
main canal, and Major Brownlow dissents from the general opinion that 
the necessities of irrigation require a rajbuha being thus provided. With 
ordinary energy and arrangement, a channel can be cleared of silt at the 
head in four or firo days, and not even rice will suffer by being deprived 
of water for that time if care lias been taken to give it n good watering 
previous to the closing, which timely warning to the cultivators will always 
ensure. 

Tim rajbuhas on the Eastern Jumna canal have longitudinal slopes of 
all inclinations from 4- feet to G inches per mile. The former is however 
too great and the latter too small; 2 feet per mile is perhaps the best slope 
to give, and no great inconvenience is experienced with slopes of 1 foot per 
mile, but below this the deposit of silt and contraction of channel from 
growth of weeds become most annoying in small rajbuhas. 

The system of raising water to the level of the country where it runs 
below the surface of soil by stop dams or jilanis, introduced into grooves, 
constructed for the pmrposes, cannot be too strongly condemned. These 
convert what should be a freely flowing stream, into a series of stagnant, 
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and unwholesome pools, encourage the growth of weeds and the depcdt 
of silt, and are in every way objectionable. Besides, with a reasonalh 
slope in the surface of the country, it will be generally found that for ever 
beegah of irrigation thus secured, ten can be obtained further on by tip 
natural flow of water. Bo this, however, possible or not, it is decidedly 
better to resort to any other means of raising the water to the level of tin 
country than the above wasteful and unhealthy expedient. 

The following statement shows cost of maintaining the rajbnhas on tin 
Eastern Jumna canal during 185S-59 and 1859-60, including share of 
establishment payable from tuccaveo account: — 


Year. 

Cost of repairs. 

Water-rate. 

Area ini gated, 

Total length cf 
channels. 


ns. 

R3. 

ns. 

Miles. 

1858-59 

39,443'64 

1,GO,378-1G 

2,40,410-45 

1 601-71 

1859-00 

30,729-52 

2,4G,205'70 

3,33,983-75 

) 

Mean, 

38,08G'58 

2,05,792-28 

3,05,197-10 

C01-71 


From which we deduce the following average results; per centageof 
repairs on water-rate, 18'50 or 2 annas 11£ pie per rupee; cost per 
beegah irrigated, rupees 0T25 or 2 annas; cost per mile of channel, 
rupees 63-29. 

The expenditure on rajbuha repairs has been much reduced of late, by 
the system of driving at furlong distances across the bods of these chan¬ 
nels, a line of stakes with their heads at correct levels of bed. Unifor¬ 
mity of slope is thus ensured, measurements of silt clearance are easily 
checked, and a momentary glance shows whether the work Las been 
efficiently performed. At least once a year, the bottoms and side slopes 
at the ends of long lines of irrigation, should be scraped and cut away 
to the proper section, as nothing hinders the progress of water ami 
encourages the growth of weeds so much as irregularities of bed. 

The rajbuha heads have already been described; those on the Eastern 
Jumna canal are 6 feet wide; while the feeders are 3 feet. The capacity 
of channel has of course to be fixed with reference to the slope and am cart 
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water required, the latter being determined by the area of land requiring 

irrigation. 

310, The village water-courses receive water from the rajbnha by means 
uf tohibiihi, which are long wooden* tubes with a rectangular transverse 
section of fixed dimensions running under the rajbnha hanks, being closed 
wkn required by a sliding wooden shutter. They should be fixed rigidly 
j u a horizontal position and at right angles to the rajbuha bed; the bottom 
of the kolabah being slightly raised above the level of the latter. 

The Irrigation out/els, or “ kolabas ," on the Eastern Jumna canal are 
of two kinds. “ Full,” measuring, 8" x 10" (the latter dimension being 
vertical); and “ half,” measuring 8" X 5". The conditions of discharge 
varr indefinitely with each outlet, but 2 cubic feet may be assumed as 
the average volume delivered by a full, and one cubic foot as that delivered 
by a half, lcolaba, per second. 

Kolabas on the Eastern Jumna canal were formerly placed at various 
heights above the rajbuha bed, diminishing from 1 foot near the head 
to 3 inches or less, at the tail, with the view of equalising,- in some 
measure, the head of water on each. But in practice this plats was found 
most inconvenient, as during- periods of small expenditure of water, it 
became necessary to run nearly a full supply in rajbuhas to give the 
kolabas at the bead any water at all, and the channels at the tails of long 
hires became so gorged that broaches iri the banks were sure to ensue, 
Besides, the exterior conditions of discharge vary so much ns to nullify in 
a groat measure all interior arrangements. The outlets are therefore, now 
built all flush w ith the bed, by which means the irrigators at the head can 
obtain water with a low supply in the rajbuha, mid any extra advantage 
thereby gained can be compensated for by longer “ tateels ” when neces¬ 
sary. 

311. When the supply entering the bead of any irrigating channel be¬ 
comes insufficient for the demand, it is necessary to distribute the water 
fairly by closing or diminishing the supply entering the outlets near the head 
for a certain time, and thus forcing it down to the tail. Sueh a closing of 
outlets is known as a “tateel." It is better not to impose a “tnteel” on 
rajbuha heads, but to regulate the supply entering them according to the 
demand lower down the eanal. The advantages of a constant but moderate 

* Whenever possible the tube should be of more lusting material than wood. Earthenware pipe's 
S£ t in concrete, with mnsonry ends, are now generally used. 

VOL. II. 3 n 
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supply in rajbuhas are, that embankments are kept moist and are ther I 
less liable to crack and be breached by water, and that the growth of 
and weeds in the bed is checked. On the Eastern Jumna canal, it ; s p,. 
custom to allow 9 inches of water to fall over the upper edge of the plank 
in the grooves of a first class head (G feet water-way), and 6 inches ovc 
the upper edge of those in grooves of a second class head (3 feet water-way) 
When the supply thus admitted is insufficient for the demand on the raj 

buha, “tateels” are placed on the kolabas near the head for certain fixed 

periods. Where tateels become au established custom, as they must do on 
every fully developed system of irrigation, it is advisable to impose them 
over long portions of a rajbuha at once, and to fix certain days of the 
week for their maintenance. Short lengths of tateel have very little effect 
besides being nearly as troublesome to watch as long ones, and zemin¬ 
dars will remember days of the week who cannot be brought to recollect 
dates. On the Eastern Jumna canal, notices of tateels are given t« 
irrigators who close their kolabns of their own accord at the appointed 
time. On long lines, the outlets on the first length (near the head) are 
closed for four days of the week, and on the second portion for three days, 
thus ensuring a permanent though moderate supply to those at the tail. 
Water-courses more than three miles long are allowed to run at all times. 

313. Field irrigation is known as Tor or Dal,* according as it is, or 
Is not, surface irrigation. In the former case the water flows over the 
fields through cuts in the banks of the water-course which are then closed. 
In the latter case it is raised or thrown on to the land, usually in a pri¬ 
mitive manner by men with shallow swing buckets and ropes. Of course 
less is charged for water supplied to land where the levels do not admit 
of tor irrigation. 

313 . Water-rates are assessed on the area irrigated, and vary accord¬ 
ing to the nature of the crop and the amount of water it requires. A 
separate arrangement and payment is either made for each harvest, or a 
contract is made for a certain number of years. The measurements are 
made by the Canal Officers, and the amount due by the different villages is 
recovered by the Collector of the district. 

The Water-Rates of the Eastern Jumna canal are assessed on the 
irrigated area of different classes of crops. The measurements of these 
areas are conducted by the Zillahdars, and checked by a “ dnrogah of 

* Toma to break (the bankj. Dalna to throw (the water). 
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measurements.” During October and April of each rear, each Zillahdar 
commences measuring up the irrigation of the preceding fusl. Four chains 
arc enough for one man to look after; each chain requires two “ mirdas" 
ami a “ mohurrir." The area measurement by one chain in a day varies 
of course with the size of fields and nature of crops. Khureef crop, 100 
Leegahs; rubbee, 200 beegalis. Caual beegahs = 1G5 feet square = 3,025 
square yards = § acre. Measurements made with chaiu of 82’5 feet 
divided into 10 guttas of 8‘25 feet, subdivided into 10 hurries of -825 feet. 

The measuring party is accompanied by the chokedar, who points out 
die irrigation, and by the lumberdar or putwarree of the village, who gives 
die name of the cultivator. All measuring parties shonld he frequently 
risked by the Executive Engineer and his Assistants, who should person¬ 
ally verify the accuracy of the work previously completed. 

itlf, It is clear, however, that the fairest method of charging payment 
for water is to sell it as one would sell any other article; that is, according 
to the quantity taken. It cannot make any difference to the canal proprietor 
what becomes of the water after he has once issued it and been paid for it, 
and to have to enquire to what purpose it has been put before he can fix 
or receive its price, is naturally productive of vexatious interference, and 
unnecessary expense and delay. Unfortunately, however, the difficulties 
in the way of delivering water by measurement have hitherto been found 
insuperable, chiefly because no practical method has yet been hit upon of 
measuring the water under a head of pressure constantly varying; for not 
only does the surface level of the water in the main channel continually 
change according to the amount of water taken off above, the amount of 
rain-fall, &c., but the deposits of silt at the head of the distributing 
channel would also cause the quantity discharged to vary continually. 

The ordinary form of orifice through which water iB discharged for 
irrigation is rectangular or circular, the orifice being set vertically in 
the side or end of the channel forming the source of supply. Thus, if AB 
represent the level of water in a canal, and x an orifice through which that 
water issues, as long ns the level is uniform the cultivators will receive an 
uniform supply. Let us suppose a cultivator pays for a continuous dis¬ 
charge through an opening with the water standing in the source of supply 
one foot above the centre of discharge x. In other words his contract is 
for his orifice to remain open, and for Government to maintain the supply 
at the depth Ace, or one foot. 
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Now, tho velocity with which a fluid issues from an orifice is as the 
square root of the depth of the centre of discharge of that orifice below 
the surface of such fluid. In the case of a small orifice its true centi 
and its centre of discharge may bo taken practically to be the same 
Therefore, should the surface level instead of being one foot above * 
happen to fall 9 inches, the cultivator would receive merely half his due 
whereas that level must rise 3 feet, or four times the preceding amount to 
give him double his due. 

315. What the Italians have done to obtain an uniform discharge, a? 
explained in Colonel Bail'd {smith’s work, may he summed tip in very few 
words. Instead of irrigating directly from the source of supply, thev 
make use of an intermediate chamber, EF; AB being the source of supply, 
the water is retained by the wall G, which is fitter) with the lifting sluice 
gate ELr. This sluice gate is lifted or depressed by hand, so as to main¬ 
tain the water level EF, in the next chamber, uniform, and at the stan¬ 
dard level, and as long as this is done, and there is a fall out of the 
chamber EF, the cultivator gets exactly what lie pays for. 

This apparatus, however, is very imperfect. It only mitigates the evil 
mentioned above, and affords no protection against the carelessness or dis¬ 
honesty of the officials whose duty it is to work the sluice gate Ha-, raising 
and depressing it as the head pressure of water in the canal varies. It 
has, however, the practical advantage of enabling tho cultivator to satisfy 
himself that he obtains liis rights more easily, by watching the water level 
EF, than by examining the height to which the sluice Ha is lifted; to do 
which, to airy purpose, he lpust understand, and have access to the infoim- 
ation possessed by the canal servant regulating the discharge. 

It is evident that to give an uniform discharge, contraction of the orifice 
or water-way must take place in proportion as the depth of water increases. 
And Col. Goodwyn proposes to employ a cone fitting into a circular orifice 
which by meaus pf a pully and balance float should sink as the water rises 
and rise as the water sinks, so as always to allow the same amount of 
water to flow through the annular space round the coue. I am not aware 
that this lias been fairly tried, and should almost fear it would he too de¬ 
licate for actual use, but it has been found by a long series of experiments 
to be practically correct within a very small fraction. 

In the project for the Soane canals the rajbttha heads and village water¬ 
course heads are on the plan of the Italian module for measuring water, as 
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described above, i. e., to reckon the water by the discharge under a given 
head which is known by the ordinary hydraulic rules, either (1) when the 
discharge takes place freely into the air, or (2) when it is simply a des¬ 
cent from an tipper to a lower level. 

The latter method is the one used. In both cases the front sluice 
hoard is used to admit such a supply as shall just keep the level of the 
water in the interior chamber at the mark denoting the desired head of 
supply. But on the village water-course heads it would be impossible to 
supervise the working of the head sluice board. It can only be used t.o 
shut off the supply when the water is not required. The level of these 
water-course heads must be so placed that when the intended supply of 
water is passing down the rajbuha, every village water-course may just 
have its proper supply, as contracted for. The regulation must be at¬ 
tempted only at the rajbuha head, and the Government will lose a portion 
of the tail surplus, and the other villages or cultivators gain it, when 
one or more villages or cultivators let their modules remain closed. 

310. The following is a description of a new water Module, invented and 
patented by Lieut. Carroll, R.E., which is now being tried on the Ganges 
Canal, and which promises to be the most successful yet invented. 

To the mouth of the kolaha a valve is attached of the form and dimensions shown 
in the Plate, nnd which may bo made qf brass or iron. 

Its mode of action is very simple. When the plate which hangs in front of the 
tube is down, the quadrant which is attached to it, is at its highest point, and it will 
be seen that a free water-way exists through the tnbe and between its under lip nud 
the plate in front. If the plate be raised the quadrant sinks into the tube, and 
reduces the water-way in proportion to the angle the plate is raised through. 

Now, if it be desired to obtain an equal discharge while the head of water in the 
the canal varies from 3 feet down to 1 foot, the plate is weighted so that the force of 
the issuing stream /it a 1 foot head shall be just unable to move the plate ont\\ ards. 
As the head rises above this the velocity of the stream becomes greater and drives 
out the plate, thus reducing- the water-way till, at a 3 feet head, the plate will remain 
at a very high angle, and the quadrant will close a great part of the water-way of the 
tube. The curve of the plate is so adjusted that it shall rest at such an angle as to 
give the same discharge as at a 1 foot head } when this is done, it is found tjuvt at all 
intermediate heads the discharge remains almost the same. Experiment gh es 1 per 
cent, as the ordinary deviation from exact equality. This module can be equally 
veil applied to regulate under lower heads such as from 1 foot to 3 inches, but 
requires lighter weights and some other simple adjustments. 

The merits claimed for this module are simplicity, cheapness, non-liability to de- 
mngement or choking, and the ease with which it can bo protected from injury' by 
enclosing it in a small masonry or iron chamber. 
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be cut so as to give tlie pymanah or parts of a pymanah that may be re¬ 
quired. To do this, the only dimension in the outlet that varies, is the 
length, which for one pymanah is 1 foot, for five duswas 5 inches, for one 
duswa 1 inch, and so on. When less than a pymanah ia applied for. the 
head should still be built with the dimensions for a full pymanah, and the 
actual quantity required should be given through a measuring outlet of the 
necessary size. It is highly probable that all who begin with small de¬ 
mands for water will in time desire to increase them, and when tbev do it 
will only be necessary to take the stone out of the masonry, cut the aper¬ 
ture to the larger size desiied and then replace it, all the rest of the irriga¬ 
tion head remaining as before. When more than one pymanah is required 
it will only be necessary to provide a larger stone, and to modify the other 
dimensions of the head to suit it. 

The standard of liuear measure to be the foot, decimally divided. 

The standard of superficial measure to be the square foot, divided as 
above. 

The standard of cubic measure to be the cubic foot, divided as above. 

The standard of land measure to be the canal beegah of 55 yards square 
or of 3,025 square yards, divided into 20 ghuntas, each containing 151-25 
square yards. 1-6 canal beeghas make one acre, and 1,024 make one 
statute square mile. 

The standard of time to be the second. 

The standard of work done in irrigation will for the present be 300 
beegahs per annum for each pymanah of water. This is nothing more 
than a rough average given to facilitate the general adjustment of the 
capacities of channels to the areas they are to irrigate. The precise 
determination by experiment of the quantity of water required for the irri¬ 
gation of land under diflerent crops, is a matter of very great importance, 
and every officer who can add to our knowledge of such details will do a 
most valuable service to tlie canal. In giving the above standard it 
should be considered, not as a good one, but as the best to be extracted 
from the information as yet accessible oil the subject. 

The standard formula for calculating discharges in open channels to be 
Dubuat’s, or 

V = (a/7- 0-1) (- F - ~ - -0-3') 

\Vi-^ j\ap. Zog. (s -f- 1‘6J / 

Where V is the mean velocity in inches per second, r the mean radius 
obtained by dividing the transverse section of the stream in square inches, 
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by its pci inieter (omitting tlie breadth fit tlie surface) in i; neM 
the length of the surface of tlie current whose height is unity (=cose 
angle of slope). 

The standard founula for calculating discharges in closed channels;,,,’, 
under pressure, will be the following:—■ 

B = ! wl { ( * + V ) 1~ p 1 j n/ 2p 

Where 

D = discharge in cubic feel, or practically in pymanahs, per second. 

m = constant of contraction which for all onlinary cases, may he taken 
at 0-GO. 

/ = length of measuring outlet in feet. 

h — height of ditto, ditto. 

p — head of pressure above upper edge of outlet in feet. 

<7 — 32-174. 

Tables have been drawn up to facilitate calculations by both the abue 
formulas. 

318. The papers which will be required in settling each contractfoi 
water are the following : — 

1st. Khnsmli Ah J'uslicc, or irrigation field list. 

2nd. Teer/j Ah Pasltec, or distribution list or tlie irrigated lands among 
the proprietors or cultivators paying wafer-rate. 

3rd. Jvmmcibundee Ah Pa&hee, or water-rate roll, showing the amount 
that each individual lias to pay under the different heads for which any 
payments oil account of the canal may bo claimable from the village 
These heads are—first, Water-rale as fixed by tlie terms of contiact; 
second, tnccuvec (advances)* for original construction of the rajbuha, which 
will be recoverable by such number of instalments ns may be deteimined 
on by Superintendents in each case. In an approximate way the delivery 
of one pymauah of water through means of rnjbnhas will cost in capital 
the sum of rupees 350, and so soon as a village lias paid this sum, it may 
be absolved from all further claims on account of original eonstructiou of 
vajbuhas, provided, of course, its consumption of water is limited as above 
Any increase would be paid for at the rate of rupees 350 per pymauah. 
and this payment would give a perpetual right to the use of the rajbuha 

* Tbe tuccavee system of advances has lescntly been abolished. Zomnulais wanting new water 
com sea, mast either xnaltc them themselves, or else lodge tlie estimated cost in advance with t-« 
canal authorities. 
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ProTision should be made for the recovery of the original expenditure on 
njbuhas within five years from the time when any contractor enters into 
the rajbuha association. This would give a charge for contracts at the 
rate of rupees 46 per pymanali for the khureef, and rupees 24 for the 
rnbbee, or in annual contracts, rupees 70 per annum. 

4th. Tuccavee for repairs and maintenance of rajbuhas. Which should 
not exceed from 4 to 6 annas, per beegah, annually. 

5 th. Tuccavee miscellaneous, which will include charges for minor 
items, such as building irrigation heads, drainage, and the like. 

6th. The TheJca Ah Pashee, or irrigation contract, in which the various 
terms agreed upon between Superintendents and Lranberdars contracting 
for villages will be recorded. 

On sanitary considerations no water shall be issued from the Ganges 
Canal for the irrigation of khureef crops within the following distances 
from inhabited places. 

From military stations, 5 miles. 

From native towns, containing more than 10,000 inhabitants, 1 mile. 

From native towns, containing more than 5,000 inhabitants, half a mile. 

From large villages, containing more than 1,000 inhabitants, quarter of 
a mile. 

From villages, containing less than 1,000 inhabitants, 200 yards. 

And for the purposes of this rule the distance specified shall be measur¬ 
able from the outermost houses forming part of the station, town, or 
village, conetined. 

It shall be competent to Superintendents of Divisions, with the sanction 
of the Director, to refuse to grant water for irrigation, in localities which 
appear naturally to possess a malarious character. 


VOL, II. 



CHAPTER LI II. 

DUTIES OF CANAL ESTABLISHMENT. 

310, The following extracts from Colonel Baird Smith's instructions 
above quoted, slightly altered (o suit recent changes, give a brief snmmsrv 
of the duties of Canal Officers. 

Jleveuiia .—The general management of all details in the revenue depart¬ 
ment of each division of the canal is vested in the Executive Engineer 
lie is responsible for the first formation of the contracts with Zemindar:, 
for the judicious apportionment of Iho water-rates, and for the prompt 
realization * of tho amounts due by each village to tho Government. It ta 
further his duty to see that tho revenue records of the division are com¬ 
plete and kept -with neatness, safety and scrupulous accuracy. lie is also 
responsible for the efficient administration of the miscellaneous ciuiol re¬ 
venue, and it is to him that tho chief Government will look for the gradual 
increase of this, by the establishment of additional mills where they are re¬ 
quired, the careful disposal of canal bank produce, and the encouragement 
of traffic on the canal. To enable him to discharge his revenue duties 
efficiently, the Executive Engineer was formerly invested with the powers 
of a Deputy Collector, under which he was competent to employ all the 
means sanctioned by the regulations for enforcing the prompt settlement of 
the Government demands, excepting only that if he considered it expedient 
to proceed against the real property of defaulters, ho had to address a 
requisition to that effect to the Collector or the District, within which the 
said property was situated. 

In subordination to tho Executive Engineers, the Assistant Engineers 
of divisions are, after acquiring some experience, authorized to exercise the 
same powers as the Executive Engineers themselves, on the responsibility 
of the latter. 

The principal native agent of the Supiorintendent in all revenue matters 
* TIiIb last duty now devolves on the Collector of tho district. 
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wliat^oevtr, is tlie Zillalula r, aud on his efficiency, the working of the 
canal revenue system in detail almost entirely depends. All the vernacu¬ 
lar records and accounts are prepared under the order of tlie Executive 
Engineer by the Zillalidar and his establishment, and through him those 
measures which were necessary for the realization of the canal revenue 
were taken. IIo watches oyer the distribution of the water throusrli the 
agency of the choliednrs, and brings all defects therein to the notice of the 
Executive Engineer. 

Considering the important duties entrusted to Zillalidar*, only men of 
known respectability and good character should he employed. Thev 
should be personally active, intelligent and well verged in account?. If 
they aru acquainted with the land revenue system, of collection and account*, 
it will be an additional recommendation to them, as the canal system is in 
all e-sential particulars, almost identical therewith. 

The Zillalidar and his establishment should be employed only in revenue 
matters. It may occasionally and on emergency he expedient to me them 
in connection with the works, but as a general rule, the less they are di¬ 
mmed from their legitimate functions as revenue officers, the better are 
tho-e likely to be performed. 

The Zillah Cliupvassks are intended to assist the Zillalidar in making 
minor collections, or such other general work of the kind ns may have to 
be provided for. 

Police .—The general supervision of the Police arrangements of division* 
rests with the Executive Engineers, and on their judgment and vigilance 
tlie efficient protection of the works and water of the canal mainly depends. 

The powers of Executive Engineers for the above purposes are clearly 
and simply defined in Act VII. of 1845. 

While the general Supervision of Police, in common with all other 
arrangements, rests with tlie Executive Engineers, Native Deputy Mnyi*- 
trates have been appointed in some divisions, with the special object of 
relieving the Executive Engineer from the details of work of this kind. 
These officers have the same powers as the Executive Engineers them¬ 
selves, but every order they may pass is liable to revision by Executive 
Engineers, if appealed against within ten days from the date oi issue. 

The Assistant Engineers may also be made use of in managing the 
Police details of their respective subdivisions. But Executive Engineers 
should be careful to satisfy themselves that young officers of this grade 
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are competent to use their powers with judgment, discretion, and due 
consideration for the Zemindars, before permission is given to than to 
exercise such powers. 

The Zillalulars have the same powers as subordinate officers of cones 
ponding grade in the district civil Police. They can collect evidence in all 
cases included within the Canal Act, and report on the same to their 
proper superiors, but they have no power to punish, and the exercise of 
their capacity to enquire should be carefully scrutinized, and every ap¬ 
proach to the use of improper means to extract evidence should he sum¬ 
marily and severely checked. 

The GlwJcedars are the private Policemen of the canal. It is their 
duty to watch the works and the water within their respective beats, that 
neither he damaged in contravention of the Rules. They report through 
the Zillalular to the Deputy Magistrates, or Assistant, or to the Execu¬ 
tive Engineers, as may be most expedient in each caso, and hi accordance 
with the subsidiary rules which may be issued in each division by the 
Superintendent thereof. 

The most frequent offences are the following, which are given in the 
order of their frequency, beginning with the most common of all, viz. 

1. Trespass by cattle. 4. Obstructing channels. 

2. Stealing water. 5. Wilful damage to works. 

3. Wasting water. 

Those are all punishable by fine or imprisonment. 

320. To the above may be added some practical hints extracted from 
a Memorandum by Major Brownlow aleady quoted:— 

Geneutl duties of Establishment .—An Executive Engineer should not tie 
himself down by assuming direct charge of works or administration ofauy 
particular portion of canal, but reserve himself for general supervision free 
to rnovo wherever his presence may seem desirable. Having once distri¬ 
buted subordinate charges to the best of his ability, let him. avoid as much 
as possible frequent changos in their extent or “personnel.” These tend 
to unsettle the establishment and render it difficult to apply past experience 
or to trace and chock irregularities. They deprive a good man of much 
of his interest in his work and of his acquired local knowledge, while a bad 
one is seldom benefitled by change of air; “ coolum non animmn mutant” 
The exceptions to this rule will be noted hereafter. 
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As a rule all necessary orders should be given through the officer 
in charge of the work under inspection anil not to his subordinates. 
When one of the lattei is present and the former absent, the temptation 
to break this rule is often great, but except in urgent cases it is best 
adhered to, a contrary practice being decidedly subversive of discipline 
and good order. All orders especially to natives should be clearly con¬ 
veyed in writing. 

A Superintendent should constantly place himself in communication with 
Zemindars and villagers, unattended by the usual train of native officials. 
Then and not till then will they fearlessly state their grievance;. He 
should transact all business in the vernacular as publicly as possible, and be 
perfectly accessible at certain fixed hours of every week day. 

Anonymous petitions should never be listened to, but the repetition of 
open and acknowledged complaints, even though apparently disproved or 
grossly exaggerated is a symptom not to be disregarded. They tliow that 
something is annoying the people, and though most natives v, ill on slight 
foundation build up an astounding accusation, villagers will seldom go out 
of their way to trump up a totally groundless complaint. 

Assistant Engineers should be held responsible for the maintenance in 
working order at a reasonable cost of the sub-divisions entrusted to them; 
for police arrangements and for proper distribution of water. To enable 
them to check tlicir expenditure on current repairs and original works, they 
should ledger it up roughly every month, (including cost of materials at 
Central Office rates,) the Executive Engineer keeping them distinctly in¬ 
formed of total Bums allotted to each account. They should be personally 
acquainted with the principal Zemindars irrigating from the portion of 
canal in their charge, and with the cliaractex-s and capabilities of all their 
native subordinates. They should know the number and irrigating capacity 
of outlets on each rajbnha entrusted to them. Should “tateels"* not have 
been previously established they should arrange them when necessary and 
see that they are strictly adhered to. They should take every opportunity 
of verifying the accuracy of any measurements of irrigated land that may 
be going on in their vicinity. A young hand is apt to suppose that when 
once his l’ajbuhas are in good order he need not often inspect them, than 
which there can be no greater mistake. They may be in admirable order, 

• The closing of outlets at the head of any line of irrigation in order to force TV'ntff dotm to the 
tail Is meant by a “tateel ” (bob above). 
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bill constant inspection will do more to keep them so than many wortm 
parties. “ The master’s eye is worth a dozen hands.” : 

On the Eastern Jumna canal the Native Deputy is employed as 
general rule in moving up and down the line, deciding the numerous petty 
disputes about water that arc constantly arming, and where necessary 
punishing infractions of canal regulations. He also checks the work of 
any measuring parties in his neighbourhood, inspects the Zillalular* 
books, and makes himself generally useful. Thus employed he ha' 
been always found an invaluable assistant, and I have never found it 
advisable to localise his duties by placing him in executive charge of a 
tub-division. 


A good Zillalular is a man whose importance caimot be overrated. He 
is the right hand of Ids superior in all matter connected with irrigation 
He should know personally all the principal irrigators and owners, of outlet 
and be known by almost every resident in his Zillah t,the latter being no 
bad test of his locomotion), lie will know at any time where irrigation is 
going on, and pretty accurately to what extent, and consequently to what 
points water should be forced down his rajbuhus by “tatools." At the 
same timo that ho is watching the irrigation of the current fit«l (harvest), 
lrc will bo supervising measurements of irrigation or collection of revenue 
for the past one. On the Eastern Jumna canal each Zillahdar lias an 
average of 200 villages, and 250 square miles of country over which to 
superintend irrigation, measure it up, and collect the revenue. His office 
books should be carefully kept up and frequently inspected and signed by 
the Executive and his Assistants. 

Sub-Overseers are chiefly employed as purely executive officials on 
maintenance, or construction of works, but can be made most valuable 
auxiliaries iu superintending irrigation. A good man should have much 
influence in his beat and bo looked up to by the cultivators as second only 
to the zillalular. The average charge of a Sub-Overseer on the Eastern 
Jumna canal, is about 10 miles of canal and 10 miles of rajbuba channels, 
with their dependent irrigation. 

The influence of Cholccclars for good or bad is so great that too much 
pains cannot ho taken in selecting them, and in keeping their “morale" at 
the highest pitch attainable. I have always found promoted mates or 
tindals of working parties make the best chokedars, as they are generally 
hardy active fellows, and can in case of emergency get repairs executed 
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quickly ami well; men of tlie “ mirda ” carte, from their aplm-;, at ,. t ;. 
mating areas and acquaintance with land measurements make good raw 
material, but great care is required in selecting them; from living in the 
largo towns they are apt to he loose idle fellows. The uniformity of pay 
and small prospect of promotion in this grade, led to a proposal 1 icing 
made to Government for increasing the pay of the most desemng clmkedara 
on this canal as an inducement to exertion, and this mea-ure, if sanctioned, 
will I am confident be productive of immense good. It is perhaps advisa¬ 
ble to change these men from one beat to another about once in two year-, as 
it does not take a man long to get acquainted with his new charge, and 
they are apt if left too long in one place to make private arrangement 5 fur 
the distribution of water, decidedly detrimental to canal interests. 

Their average charges should not exceed 5 or C miles of rajbnha .,r 
canal channel, and 10 to lo square miles of country, over which to >rqer- 
vise irrigation, as otherwise a man cannot go out to di-tant points and 
return the samo day to his chokic, having carefully inspected the inter¬ 
mediate irrigation. 

Police and Revenue .—Superintendents aird their Deputies have powers 
of an Assistant Magistrate for the protection of canal property and these 
powers cannot be too cautiously wielded. A firm and vigilant Superinten¬ 
dent will seldom have occasion to punish severely, as irregularities me 
easily checked at the outset. A Superintendent should be most caution-! 
in accepting the assertions of his native subordinates that such and such 
villagers are irreclaimable scoundrels, and should occasionally call to mind 
a pithy native proverb, “ The darkest place is under the lamp.” 

The most common offences are, grazing cattle on canal banks, making 
ghats across rajbuhas, breaches of “ tateels,” and stealing wate-r from ano¬ 
ther person’s water-course. In the first case the chokedar can drive the 
cattle to tlie nearest pound, and if opposed (as is constantly the case) he 
must let them go as soon as they are off the bank which is all he cares 
about. Where grazing is persisted in and damage done, it is patent and 
risible ; the grass and perhaps some young trees are trampled down or 
slopes of earthwork are injured. Summon the people who are in the 
habit of grazing on the adjoining land, show them the injury done and 
take from them a “ moochalka ” or bond, that they will prevent the like in 
future or be liable to a fine not exceeding 50 rupees. The canal authorities 
on their part can put up a good fence. 
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Where ghats are made by foot passengers across rajbuhas, there itn 3 
use in fining (at least I have never found it Btop the practice); so act 
the situation, and place a couple of stout straight logs alongside of each 
other across the channel. People infinitely prefer going dry shod to u 
ding through the water, and will consequently abandon the ghat for tl 16 
bridge. I may here mention that no earth or brushwood should be allow 
ed on a log bridge, as they are liable to fall into and choke up the rajhha 
channel; the best plan is to purchase a suitable tree in the nearest village 
halve and dress the trunk placing the twu pieces side by side. Where 
cattle are driven across the rajbuha it is generally a sign of a village read 
having been loft unprovided with a bridge, and the sooner one is built 
there the better. 

In dry seasons, breaches of “ tnted” are very common, and can only be 
put a stop to, by constant and unexpected inspection of the lines on which 
11 tateels” are in force, and severe punishment cd all offenders, commencing 
with the canal establishment, who are pretty nearly sure to be in fault. 
Where a cultivator is aeefised of stealing the water from another man’s water¬ 
course, a momont’s inspection will verify the truth of tho statement, as the 
breaches in the sides of “kool” are apparent, as also the signs of irrigation. 
In such cases settle the dispute by a village “punchayet,” or taken 
“moochalka 1 ' from the defendent, to the effect that he will in future ob¬ 
tain permission before doing the like. All over the Eastern Jumna canal 
the payment to the owners of a water-course of one mumper leetjah on all 
land irrigated from it by non-shareholders is an established custom, 

The talcing a “ moochalka’’ from a villager, has, as far as my experience 
goes, a certain inexplicable influence over him ? which renders it a much 
more efficient restraint than a fine, Only it must be taken for a reasona¬ 
ble amount and invariably realised on a breach of the agreement contained 
in it. 

The practice of issuing “dustuks" for realisation of revenue has been 
entirely put a stop to on the Eastern Jumna canal. Apart from the 
eccentricity of notion that a man who cannot or will not meet a demand 
for a certain amount, is at all likely to pay readily the u tnlubana" in 
addition to the original demand, “ dnstuks” are objectionable as offering 
great inducements to zillahdars to provide for needy relatives, at the ei- 
pense of the irrigating community, and four years’ experience has now 
proved them perfectly unnecessary. Notices can be issued to defaulters, 
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warning them, that if satisfactory arrangements for paying up arrears are 
not made within a certain time, their moveable property will be attached 
When the Superintendent is found to he as good as his word in two or 
three instances, the threat has seldom to be carried out 
The collection of water-rate for any “fhsl” should invariably be cleared 
off before the end of the ensuing one. Mill-rents should never Le more 
than ten days in arrears, and fines should be realised immediately on inflic¬ 
tion, otherwise they fail to answer their purpose as deterrent punishments 
and sink into a most objectionable source of revenue. 


Vol, ir. 



CHAP T ER LI V. 

COST AND REVENUE. 

831. The Cost of a permanent canal will evidently vary according to 
its size, the difficulties attending its construction, and the varying rates of 
labor and materials in different localities. It will be useful, however, to 
collate the experience derived from canals already constructed, or projected, 
so as to gather some idea of the average cost of such pvojeets. 

The total cost of the Ganges Canal when completed according to the 
original design (and including Rajbuhas) will probably be 250 lakhs* 
Its estimated full discharge is 6,750 cubic feet per second. Its total 
length will bo 900 miles. This gives a cost of Rs. 3,704- per cubic foot of 
discharge, or Us. 27,778 per lineal mile. 

The Earee Doab canal will probably cost Rs. 1,35,00,000 is calculated 
to discharge 3,000 cubic feet per second, and will be 4G9 miles long, giving 
an average of Rs. 4,500 per cubic foot, or 11s. 28,784 per lineal mile, 
exclusive of rajbuhas. 

The Eastern Jumna canal has cost Rs. 16,78,000, being 134 miles 
long, and discharging 1250 cubic feet per second, thus averaging Rs. 1,342 
per cubic foot, or Rs. 12,522 per mile, excluding rajbuhas. 

The Western Jumna canal has cost Rs. 21,29,000 $ for a total length 
of 445 miles and a full discharge of 2500 cubic feet, being Rs. 852 per 
cubic foot or Rs. 4784 per lineal mile, excluding- rajbuhas. 

The Sutlej Canal is estimated at Rs. 1,10,19,000, (exclusive of per¬ 
manent dam at the head,) for 530 miles, and a full discharge of 350iJ 
cubic feet, being Rs. 3,148 per cubic foot or Rs. 20,790 per mile, without 
lockage; and exclusive of rajbuhas. 

The Soane Canals are estimated at Rs. 1,35,72,000 § for a length of 
826 miles, and a discharge of 3124 cubic feet, being Rs. 4,344 per cubic 
foot or Re. 10,431 per mile; inclusive of rajbuhas. 

* Rs. 2,12,08.000 to end of 1803-64. t Rs. 1,08,80,000 to end of 1802-63. t To end of 1863-84. 

§ Excluding the cost of the peimauent dam at the head which amounts to “Be. 18,00,000 mow. 
The length of this canal is much greater iti proportion to tbo discharge than that of the others. 
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Excluding therefore the Jumna canals, which were not entirely new 
projects, and assuming that the cost of rajbuhas will be Rs. 1,000 per mile, 
and that there will be three miles of rajbuhas to one of main canal channel, 
it would appear that a first class canal of Irrigation when complete, with 
rajbuhas, will cost on an average Rs. 4,200 per cubic foot, per second, of 
maximum discharge, or about Rs. 25,000 per mile of length. 

The above may be considered to include the whole cost of first construc¬ 
tion, including establishment; while the establishment for maintenance, 
with the cost of annual repairs, will afterwards of course become an annual 
charge or drawback upon the revenue. 

333. 'Revenue .—This is derived first and chiefly from Water-rent 
which, as said above, may he charged on the amount of water distributed 
or the area of land irrigated. 

The following are the rates for water now in use on the Ganges Canal:— 

Tor. Dal. 

RS. A, r. RS. A. P. 

1st Class. For Sugar, per annitm, per acre, ...5 0 0 3 5 4 

2nd Class. For Fruit, nuiscry and legetable gar¬ 
dens, singharas, cultivated grasses, 
lucerne, guinea grasses, &e., njuain 

and similar herbs, rice, . 3 0 0 2 0 0 

3rd Class. For indigo, cotton, tobacco, wheat, oats, 2 4 0 ISO 

4tli Class. For Indian com, safflower, cheena, 
barley, gochucc, oil seeds, jo war, 

Pulses of all kinds,.. 1 10 8 10 0 

Tillages taking water from the canal for irrigation are exempt from all 
charges for watering their cattle and for water required for domestic pur¬ 
poses. Other villages pay for watering cattle, G Rs. per 100 per annum. 
For wateting sheep or goats, 2 Rs. per 100 per annum. For filling 
tanks (not irrigating) the water is paid for at 1 rupee per 6,000 cubic feet 
ia bulk. 

Transit dues are fixed from time to time for boats or rafts plying on the 
canal. 

Other scources of revenue are from Corn mills, which are built by 
Government, and rented annually to the highest bidder. 

Cunal produce , such as grass, &c., also sold annually. Fines for 
breaches of canal regulations, such as stealing water, trespass, &c. 

On the Baree Doab canal the standard of area measurement is the Kunal 
of 4,500 square feet, and the charge for water at present is 4 annas per 
kunal per annum or crop for Tor irrigation, and 2 annas for DdL 

On the Soane canals the expected water-rent was reckoned at Rs. 1-0-f* 
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per beegah, per annum, for the two crops, or Rs. 1-12-2 (equivalent b 
Rs. 2-8-10 per acre) if the rajbnhas were made at the Government cost 
as was proposed. 

On the Western Jumna canal, lands are divided into 1st and 2nd els« 
the former paying 12 annas per beegah for Tor, and 8 annas for Dal 
The latter 6-8 and 5 annas per annum. 

BuL besides the direct return from water-rent, there is an indirect return 
due to the canal, arising from the increased value of the land, and therefore 
tile increased rent or land-tax that it can afford to pay to Government, 
the difference in produce between well and canal irrigated land being con¬ 
siderable, while the difference in cost of irrigation under the most favorable 
circumstances for each, is reckoned as 3 to 1 in favor of the latter. This 
indirect canal revenue may, and does often, amount to considerably more 
than the annual value of the water-rent, and though it does not appear 
in the canal returns, the work should always have credit for it. In the 
N. W. Provinces it is estimated at Rs. 1-8 per acre, per annum, on the 
whole area iriigated. 

323. Allusion has already been made in a former Chapter to the 
effective work done by every cubic foot of water in a canal, generally called 
the irrigating duty per cubic foot. It is evident that by dividing the total 
annual water-rent received during the year, by the average discharge per 
second throughout the year, the annual value of each cubic foot of water 
can be determined. 

Prom the latest returns available, the following table has been compiled 


Niuno of Canal 

Ms 

■3-S8^ 

> h -2 

Aron 

Inlgutoi 

it 

tog H 

49 

Total water-rent 

is 

& 

II 

? 

N 

gU 

SB 

a a 
& 

It 

•C O 

t> 

o 

}i 

it 

jb 

it 

k.C 

£9 

Is 

18G4-G5. 

c ft. 

01 0<15, 

acres. 

us. 

its 

us. 

miles 

acres 


Ganges canal, ... ... 

4,026 

6,G6,617 

HO 

8,95,012 

222 

1*58 

2 140 

232 

367 

Eastern Jumna canal, 

1,026 

2,25,266 

220 

3,21,791 

311 

1-43 

G02 

374 

534 

1862-03. 










Bojce Doab canal, ... 

1,450 

1,26.016 

87 

3,08,861 

213 

2 45 

400 

315 

772 

1863-64. 










Western Jumna canal, 

1,254 

3,61,537 

280 

3,65,674 

292 

1 04 






COST AND REVENUE. 


SS9 


The irrigation in the Ganges and Baree Doab canals is not vet fully 
developed, though steadily and rapidly increasing on the former. The 
Eastern Jimma canal returns however may be safely and fairly taken as a 
guide in estimating others. 

The rate of expenditure on well managed canals in good working order 
may be taken at Es. 120 per cubic foot, with an extra Es. 50 for rajbnha 
repairs, if they arc done by Government. The diffeitnce between the in¬ 
come and expenditure, is the clear profit per cubic foot of discharge per 
annum, whence the per centage of return on the original cost of the work 
can be determined. 

Comparing the above figures with those given above, we get_ 

Average prime cost of a cubic foot of water, per 

second, of discharge, ... ... ... ... 4,200 

Average annual value of a cubic foot, say Its., 300 
Deduct average annual expenditure on 

a cubic foot,... ... ... ... „ 120 „ ISO 

showing an annual profit of about per cent. 

But the water-rates from which the second item has been deduced are 
very low, and have since been considerably raised, so that the average an¬ 
nual value per cubic foot, ought to be considerably higher than the above. 

And this calculation is from water-rent only, and takes no account of the 
enhanced value of land ; assuming this enhancement, as said above, at Es. 
1-8 per acre annually, and that each cubic foot irrigates 220 acres, then 
the net returns would be swelled from Es. 180 to 510, and the return on 
the capital would bo 12 per cent. 

33T. It is evident however, that the data for the above calculations are 
exceedingly variable, and canal statistics are too imperfect for them to be 
considered as anything' more than rough guides—as such howeveT they are 
valuable. The saving in remissions of revenue which are often forced upon 
Government during seasons of drought, in districts where artificial irriga¬ 
tion does not exist, and the general prosperity of the people, are also items, 
which although they cannot he exactly reckoned by figures, are of not the 
less importance on that account, and must be set down as very tangible bene¬ 
fits derived from canals. The value of the crops irrigated by the Gauges 
canal for last year is estimated at lg millions sterling, of which the sugar, 
cotton, and indigo, valued at upwards of £600,000, are almost entirely 
due to its influence ; and wheat valued at nearly half a million is largely 
indebted to it. 
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One other point remains to be noticed in connection with the benefits 
from Canal Irrigation,—the raising of the surface water in wells owing t 
the percolation from the canal, whereby the labor and cost of well Irrig a 
tion is of course very much lessened; moreover in many of the desert dis 
tricts where brackish water has alone been found before the construction of 
the canals, the effect of the water in the latter has been to sweeten ftp 
well-water, and make it palatable for drinking. 

Against these benefits has sometimes to be set the formation of jheek or 
swamps in low ground, which, however, may generally be reclaimed by 
proper drainage. A more serious evil is the presence of the saline efflor¬ 
escence (known locally as Reh in the N. W. P.), on some kinds of cd] 
■when irrigated* which greatly injures its productive value. On the In¬ 
tern Jumna canal this evil has been the subject of serious consideration 
and I believe it is partially developed on the Baree Doab Canal. The salt 
appears to he in tho ground at a certain depth, and to be developed only 
after being flooded with water—and hitherto no effectual remedy has been 
devised for it. 

Still these are very small and partial sets of against the immense bene¬ 
fits due to Irrigating Canals. 

The minor items of Be venue from Irrigation Canals, and which have 
been named above, need not further be commented upon here. 

Prom the report of the Chief Engineer of Irrigation N. W. P., it ap¬ 
pears that the net profit for the year 1864-65, upon the original cost of 
the Eastern Jumna Canal was 12'85 per cent—and for 1863-64 (the latest 
returns I can got for the Western Jumna Canal), the profit is 15 percent, 
or taking into account the increased land rent due to its influence to 32 
per cent, on the original outlay. The above includes the direct returns. 

As these are tho only two canals of any size on which the Irrigation 
has been at all developed (indeed the Western Jumna Canal is still far 
from perfect) the above returns are of interest and value—and seem to 
prove that a good remuneration from sucli works will in the end accrue to 
their proprietors, if designed and carried out on proper principles. On the 
other hand no Engineering Works require so much anxious forethought 
and scientific design as Canals of Irrigation, as none require more shill in 
construction as regards both the workmanship and materials employed. 

* This evil however is not the result of canal water only. Well irrigation is often more conduct 
to its production than canal irrigation. 
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325, The Madras System of Canal Irrigation, like that of tlie North 
Western Provinces, is simply a development of the old native method, 
improved on scientific principles and carried out in a more permanent 
manner. 

A general outline of the native system may be given in a few words. 
Channels of supply, proportioned in dimensions to the area of the tract 
dependent upon them for irrigation, were cut from the river bank, and sup¬ 
plied sometimes with head sluices of masonry, hut very often wanting in 
these necessary works. The levels of the heads were so arranged as to com¬ 
mand a full supply in moderate floods, and the water was led to the fields 
by infinite numbers of smaller channels of distribution. When the level of 
the river surface was too low for the supply of the channels, the construc¬ 
tion of a temporary earthen dam (corumboo), or a permanent masonry 
dam (anicut) was had recourse to, and the water was thus raised to tha 
requisite height. 

Our improvements on this system have consisted in establishing perma¬ 
nent Dams to replace the temporary ones, and in a better alignment of 
the irrigating channels, which are in fact much the same as those describ¬ 
ed in the first Chapter as Inundation Canals, with this important difference, 
however, that by the construction of the Anient or Weir at the head, the 
permanency of their supply is ensured. 

The general fall of the Deltas, on which the largest works have been 
constructed, does not exceed 12 inches per mile, from the head down to 
the sea. The difficulties therefore, that have to be encountered in the 
Upper Provinces from an excessive fall in the upper part of a Doab, and 
from the country being cut up by formidable hill torrents, are not met 
with in these Delta works; and they have the still greater advantage of 
being continually progressive, both as to cost and revenue; in other words 
the returns from them are quicker, and perhaps more certain, This arises 
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from the tenure of the land, which is on the Ilyotwaree system, being held 
by the cultivator direct from Government at a yearly rental, instead of Qn 
a Permanent Settlement, as in Bengal, or on a 30 years’[lease) as in the 
N. W. Provinces. No water-rent is charged, but a higher late is g^, 
paid for irrigated land, and the whole increase of revenue credited to the 
Irrigation department. 

But besides the great works on the Deltas, irrigation is largely carried 
on in the plains higher up, by numerous supplying channels cut from 
minor streams, across which anicuts are thrown, and leading to the fields 
themselves or to tanks, in which the water is stored up for future use. 

326. A plain which it is desired to irrigate can hardly be so situated, 
but that the bed of a neighbouring river is at some part or other of its 



course relatively higher in level. Supposing a surface AB to slope from A 
to B at the rate of 2 feet in a mile, and to be traversed by a river CD, the 
bed of which falls at the same rate, but is throughout 20 feet below its 
banks, it is evident that the part of the slope which is 10 miles from A 
towards B will be on the same level as C, and that were a channel CE 
excavated, with a horizontal bed, water from the river above C would flow 
along it until it reached E, whence it might be conducted to irrigate the 
lower portions of the slope EB. 

In like manner, if the bed of the channel were made to fall one foot per 
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mile, it would at 10 miles be only 10 feet below the country ; and at 20 
miles, having gained a foot per mile, it would emerge on its surface. 

The case is more unfavorable, but still similar, though the country 
should also slope, as it most frequently does, towards the river, as well as 
towards the sea. In this case the water to the lands farthest from the 
river must be brought from a part of the bed nearer to its sources, and 
the excavations must be deeper : or, as it will often happen, the expense 
bearing too high a ratio to the attainable advantage, the irrigation must he 
restricted to those lands which lie nearest to the course of the river, and 
at the lowest levels. 

Channels of irrigation have been taken off rivers such as the Palaur in 
Arcot, the fall of the bed of which is at the rate of nearly 10 feet in a 
mile, and its ill defined banks 6 to 8 feet high; as well as from such as the 
Kistua, which runs with a fall of less than 1 foot per mile, and between 
steep banks of 35 feet. 

It is the relative fall of the river and of the country on its banks, which 
determines the least length which the channel can have, in order that its 
bed should emerge above the surface, and its water be brought to use; 
but when the freshes are of short duration, and channels are led to tanks, 
it is evidently desirable hi order that they should deliver water rapidly, 
that they should be wide, and the velocity of water in them considerable, 
although to afford slope to their beds, their length should be extended, 
and the expense of excavation increased. Six or eight yards may he 
considered the greatest depth to which irrigating channels have yet been 
excavated in this Presidency, but the general average is not more than 2 
or 3 yards. Great portions of some channels have been formed by throw¬ 
ing up one bank only on the lower side of a slope; and the heads of 
some river channels, by separating part of the bed of the main stream by 
means of an artificial bank, protected by river grasses, &c. In some cases, 
these artificial banks are carried for very considerable distances up tho 
rivers, or obliquely across their sandy beds. 

Such banks, termed Corumboo, are generally over-topped and carried 
away by all freshes of more than 1| yard depth of water. They are tem¬ 
porary expedients or substitutes for permanent dams or anicuts, to turn 
the early and low freshes of rivers into irrigating or tank channels, and 
being liable to be partially, and sometimes entirely destroyed by every full 
fresh, require to be repeatedly repaired, and occasionally reconstructed dur- 
VOL, ii. 3 E 
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ing every season. They are usually constructed and kept in repair Lj- t] ic 
proprietors of the lauds which they irrigate, without any cost to tlovem 
ment. 

327. The word “ Anient ” is Tamil, and means generally dam or weir 
Engineers have generally restricted the use of the term to a dam across a 
stream, and that of tlie word “ Calingnlah ” to a work of similar form j n 
the bank, either of a supplying stream or of a tank. 

The chief object of Anicuts is to raise the water of the streams they am 
built across, in order that a portion of it should be diverted into channel-, 
leading, as the case may be, directly to the fields or to tanks, in which the 
water is stored up to be used as required. Some anicuts are, like ca- 
lingulahs, furnished with dam-stones to sustain temporary bnnks of mud, 
&c., and to raise the water in the river beds during the dry season and 
and the early and low freshes; such temporary embankments being washed 
away by tho freshes. Others are provided with sluices, or have low parts 
or gaps left in them, seldom exceeding 5 feet each ; within which limit, it 
is not difficult to provide means of closing, such as shutters, &c. By these, 
the sand is more or less prevented from accumulating to the height of the 
crown of the dam; and parts of the beds of the rivers, generally inconsider¬ 
able however, are thus formed into pools extending towards their sources. 

These are in no instance looked upon in the light of tanks. They may, 
for a trifling period at the vory end of the dry season, answer the same 
purpose, but tho irrigation depends in all cases either upon the continual 
flow of a small epuantity of water during the early part of the hot season, 
or upon tanks generally far away from the river, and which are supplied 
by channels during the freshes. 

Almost all the rivers in the Carnatic, are little more than beds of dry 
sand during the hot season, and very little water can then be procured 
from‘them for the purposes of irrigation, During the monsoons they are 
more or less full, and it is then only, or at least chiefly, that a portion of 
their waters is directed by means of anicuts and channels into the adjoin¬ 
ing country, to moisten and fertilize the rice and garden lands. During 
the periodical rains there is generally too much water, and in the hot 
months none, and the object of all the expedients and works of irrigation 
is to rectify these evils, by collecting and retaining in tanks or reservoirs, 
portions oY tlie surplus water of the monsoon, for the irrigation of the 
country during the dry season. 
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Wlieu tlie slope of tlie country is gradual, it is evident that a dam 
across a river may, by raising the water in its bed, very much diminish 
theism,th of an irrigating channel to be led. off it, and it might appear 
that anients would on this account be found general in the lower parts 
of the courses of rivers, where the fall is gradual. But this is not the 
case, because the lower parts of rivers are generally wider, their beds sandy 
and unfavorable to such buildings, and tlieir bants low. The obstruction 
of the bed in such localities, would raise the surface of the water in fresh¬ 
es, and render necessary the formation of banks, to prevent the inundation 
of the country through which the river passes: for, however advantageous 
such inundations are in the Deltas of the Ganges and Godavery, they are 
most carefully guarded against on the banks of the Cauvery and Tam- 
brapoomy, where the crops are raised, not by inundation, but by a very 
artificial, and (as far as the science of agriculture is concerned) a very 
perfect system of irrigation. 

Anicuts are most generally useful nearer to the sources of streams 
uhcre they traverse rocky country. In such situations, rocky foundations 
can generally be obtained, and the work built securely, while, although 
the fall of country is great, and channels do not need to be very long, 
yet without anients, the difficulty arising from the nature of soil, in such 
parts generally stony, and which it would be necessary to excavate to a 
great depth, would be very often absolutely insuperable. 

A rocky bed, though a great advantage, and always to be preferred in 
selecting a site for an anient, as contributing to reduce the cost and 
increase the stability of the work, is not however an indispensable reipii- 
site. Several aments have recently been built with perfect success and 
at a moderate expense across rivers, the beds of which consist entirely of 
pure sand to a depth far beyond the foundations of these works. On such 
occasions, the chief point to be studied, is the formation of a strong and 
substantial apron beneath the anicut, to break the over-fall of the water, 
and prevent the foundations being undermined. 

Generally, in the wide and flat beds of rivers near tlieir mouth, the 
scanty supply of water during the dry season is collected and turned into 
channels by means of the temporary embankments of grass, baskets, sticks 
and sand, which have already been mentioned by the name eommboo, but 
there are two modern anicuts in such situations, whose success has since 
led to the projection of others in similar situations. 
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328. These are the upper and lower anicuts across tlie Coleroon 
built at the suggestion, and under the superintendence of, Captain (now 
Major-General Sir) Arthur Cotton, of the Madras Engineers. Both these 
works have superseded and rendered unnecessary the construction of ex¬ 
tensive corumboos; while, unlike eorumboos they resist the action of 
freshes, and assist the irrigation in all states of the river. The upper 
anicut is built where the Agnnila (or whole) Cauvery divides into two 
branches : the Coleroon, which seeks the sea by a straight course, fallmf 
at the rate of about 2 feet per mile ; the smaller hut more useful branch 
(which retains the name of Cauvery) flowing on a more elevated bed ■ 
and, after having in the short distance of 40 miles, gained no less than 15 
feet on the level of the bed of the main branch, dividing and subdividing 
until its ramifications spread over the greater part of the Tanjore District, 
in irrigating which almost all its water is gradually exhausted. For many 
years previous to 1836, the Tanjore cultivation had pressed so closely 
upon the supply of water afforded by the Cauvery, that in seasons falling 
at all below the average, extensive tracts of valuable land either remained 
uncultivated, or were subject to the still greater evil of being cultivated 
in vain. Tlie defect was chiefly attributed to the accumulation of sand 
in the upper part of the stream near its separation from tlrn Coleroon, 
and to remove which various expedients were devised and adopted, with 
partial but only temporary success, and inadequate to the necessities of the 
case. 

At this conjuncture, viz., in 1834, Captain Cotton, then Civil Engineer 
of the Division, devised the anient which is built across the Coleroon, 
about 100 yards below the separation of the two rivers, and by raising the 
bed of the Coleroon about 6 feet, has, without diminishing, except in a 
trifling degree, the capacity of its section for the passage of high freshes, 
rendered available for the supply of the Cauvery' and of Tanjore, all the 
water which even in the driest season, and when most wanted for irrigation, 
used to pass waste to the sea. The lower anicut was built in the same 
year, about 70 miles down the same river, and serves to turn the water 
that accumulates in the intervening part of the river bed, from the drainage 
of cultivation and the springs that ooze from the sand, into the country 
on both sides, and irrigates extensive and fertile tracts of land in the Tan¬ 
jore and South Arcot districts, between the anicut and the sea. 

329. Anicuts, as usually constructed, are walls of masonry erected on 
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a solid foundation and carried right across the whole breadth of the river. 
The material used i« either stone throughout, or brick-work covered with 
cut stone, the foundations usually resting on shallow wells sunk in the 
sandy bed of the river (unless the site happily offers a rocky foundation), 
and the superstructure made partly of dry stone and partly of stone set in 
mortar. The sill of the anicut over which the flood-water pours, is of cut 
stone set in the best cement. The face of the work may be perpendicular 
or nearly so; the rear will be made into a long slope, which gives great 
strength to the work and protects the rear flooring from being injured by 
the water falling vertically on it. When, however, it is necessary to have 
a vertical fall on the down-stream side in any portion of the weir, either 
on account of sluices being fixed there or for any other reason, the flooring 
is carefully protected by large slabs of cut-stone kid on an unyielding 
foundation with fine mortar joints. In any case the bed of the river is 
protected for a considerable distance down-stream from the action of the 
water at the tail, by a flooring of dry stone of the largest size procurable, 
and carefully packed by hand. The water will often work holes even in 
this, which have to be filled up with more stone, and this will often con¬ 
tinue for several seasons before the work is safe. 

It will thus appear that such a weir requires the expenditure of a very 
large quantity of material, and that without the presence of an abundance 
of stone on the spot, its construction as above would not be feasible, or at 
least would be enormously expensive. 

Had such a work to be made of brick, the foundations would have to be 
much deeper, the body of the work would be of the best pucka masonry, 
and similar arrangements for the flooring and sides on the down-stream 
side as have already been described as necessary in the case of canal falls. 
The shallow foundations of these works are a peculiar feature in Madras 
Engineering, and a similar practice in bridge building has been already 
commented on in para. 89. In the case of anicuts, the arrangement is 
evidently only practicable from the long talus or slope of dry stone given 
invariably on the down-stream side of the work, which is free to fall in 
and fill up holes scoured out by the under-current, and is replaced con¬ 
tinually by fresh renewals. A similar arrangement to this is the crib- 
work of boulders provided so carefully on all the Ganges Canal bridges. 
In the dry season, however, deeper foundations would probably be pre¬ 
ferable in order to prevent so much percolation below the weir, and the con- 
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sequent loss of so much water. But in Madras, unllko Upper Iudia tha 
crops raised at tliis season are far less valuable than those grown in tin- 
rains, and this difference necessarily produces a difference in the plan' fJ f 
the Engineers. There is also good reason for believing that the coai-e 
sand of the beds of riveis in Southern India is much less disturbed by the 
action of running water than the fine sandy bods of Upper Indian liveis 

As the water when it arrives at the head of Ihese Deltas is much eLu'^ed 
with silt, the effect of this upon the anient has to be carefully considered 
In the earlier woiks a number of small sluices of about 2 feet in width 
were provided through which the silt should bo scoured, but then size 
made them quite ineffective, and Colonel Baud Smith lias given it as bis 
opinion, that so long as a weir is preferred to an open dam, the elevation 
of the bed above, by the depiosit, of silt, even up to the level of the crown of 
tire weir, must be regarded as an inevitable result and provided for accord¬ 
ingly. Indeed, so long as arrangements can he made to restrain the water 
within its banks above, and tire silting up docs not cause inundations, 01 
foiec the water into a new channel, it will be positively beneficial, as by 
this raising of the bed, a considerable fall for securing surface irrigation 
from the canals is obtained. Nature in fact helps in this arrangement; 
as it has been already remarked that such rivers run on a crest or ridge 
formed by their own deposits, and thus afford considerable facilities for 
canal irrigation. 

.130. The following' description of tlio liistna anient is extracted from 
the author already quoted: — 

Nature tins indicated by uimiistaheablc '-igna, that the true position fui the liistna 
dam is at Beznarali, about GO miles iiom the junction of tile livei with the sea. 
Here time me two low hills, the last outlying spurs of tlio high limits to the north 
Between them the mu flows in iv channel leduced to a numiigeahlo In width of 
1,300 ynuls, but with, a depth of water so variable that no single statement would 
$>ive a coneet view of it—using as it does, dining the monsoons, to between 00 and 
40 feet, and sinking during the diy season to, perhaps, 0 oi G. Thu hills in the 
neighbouiliood of Bezwavah iuiuisli an unlimited supply of stone for building or 
protective purposes ; lime is readily procurable, aa are all the other materials lujuired 
for the Work. The position is exactly at the apex of the Delta, and the height is 
sufficient tor purposes of irrigation. Its construetion lias presented some peculiar 
difficulties from the fact that the nver is concentrated into a single undivided chan¬ 
nel between the Bezwniali and Seetunngram Hills. It has, therefore,been necessai) 
to woik constantly in water, and the design of tho dam lias special reference to this 
necessity. It consists—1st, Of a broad basis of the heaviest stone that could be pro¬ 
cured, simply thrown into tho rivet and allowed as it accumulated to assume its own 
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natural slopes. Tlle ox ' lct ,e,1 S kl1 o£ this ’““s -5 stone is 3,7.10 feet: its breadth 305 
fut •, its height 1n frQIlt > 31 £cct above the deep bed, anil U feet above tlie summer 
In cl of till! water. It is -faced along its entire length by a easing nf stc.ue m.vnnry 
feet in breadth, of which the front curtain wall is 9 feet thick at bottom I at top 
and U feet high, resting on a doable row of foundation wells which fill up’the spate’ 
between the deep bed and summer line lercls, being therefore 7 feet in depth. Tho 
sill or vvnstcbonrd is 30 feet m breadth, and 5 feet in thickness, 4 feet being of ma¬ 
sonry and the upper foot of cut stone strongly bound throughout with iron clamps. 
The tail of the masonry casing is a flat semi-counter arch with a half chord 50 feet 
in length, and a versed line 10 feet in height, and this portion is terminated by u rear 
curtain wall running along tho entire length of the dam, S feet in depth and 3 feet 
in thickness, embedded in the loose stonework of the main body of the dam. At a 
distance of 50 feet from the rear avail of the casing, a second line of mnsonn- some¬ 
what irregular in dimensions, but averaging about G feet in thickness and 5 feet in 
depth, crosses the work from right to left, noting ns a retaining bond to the roirdi 
stunework at tho part most exposed to danger from the action of the current in floods, 
from this wall to the deep bed of the river the slope is worked out by the aid of 
rough stonework extended over u distance of 180 feet. 

At the right and left extremities of the dam, undcrsluiccs arc provided for the 
purpose of scouring out tho silt in front of them, and thus keeping an open channel 
at the heads of tho irrigation lines. No under-slnices have been made in the bodv 
of the dam, and the filling up of the river-bed in front to the level of the crest of the 
work lias apparently hern accepted in this ease as an inevitable resnlt. The sluices 
above-mentioned are two in number, and similar in all respects. They are situated 
nt the extreme limits of tho dam, one nt each flank, and consist of massive masonry 
structures founded on wells, in the usual native fashion ; each has 15 vents of fi fett 
inbrondth each, fitted with plunks and mne.hinery for opening and closing; the level 
of the flooring is 3 feet below that of the heads of the irrigation channels, so that 
when the vents are open there will ha a very efficient scour in front of them, and a 
deep clear channel maintained thereby through the light sandy deposits in front of 
the dam. Tho hcnd-sluice of irrigation on the right of the river has fifteen openings, 
each 6 feet in width, with a clear height for the passage of water (as measured on 
the plans) of 11$ feet, exclusive of the archway. It may be assumed, however, that an 
average depth of 10 feet in the channel would represent the full supply of water dur¬ 
ing the season of irrigation, under the existing arrangements ; with the dimensions 
specified, and a slope of about 13 inches per mile, the discharge would be equal to 
nearly 3000 cubic feet per seeoud, sufficient for the irrigation of 140,000 acres of rice, 
promising to the Government hi one single district an increase of revenue which may 
le fairly estimated at not loss tlinn two lakhs of rupees, £20,000 per annum, and to 
the agricultural community a gain of fully three lakhs, or £30,000 daring the same 
time, On the left, bonk similar arrangements are made by a sluice of the same water¬ 
way as above and promising similar favorable results, and from works for which the 
total estimated outlay on tlic part of the State is fifteen and half lakhs of rupees, or 
£150,000, tho annual incrcaso of revenue will not fall short of, and may probably, as 
in similar cases elsewhere, exceed the anticipated amount of four lakhs, £40,000, per 
annum; and if one lakh, or £10,000, be allowed for expenses of repairs and establish¬ 
ment, the general result will give betweeu 19 and 20 per cent, in direct returns from 
land nione. 
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331. Col. Baird Smith thus sums up the points of professional m 
terest which he considers established by the success of the Cauvery Wor ].„ 
above described:— 

1st. That the waters of large rivers may be distributed between their 
branches in proportions sufficiently exact for practical purposes, by the u«e 
of dams at the points of separation, having their crowns at such heights as 
experience in each case may prove to be necessary. 

2nd. That the influence of such dams, judiciously established on the 
beds of the rivers, in regulating the currents, in equalizing the distribution 
of deposits, and in maintaining the qrermaneney of the sections of the beds 
may bo very beneficial. 

3rd. That in rivers with beds of pure sand, and having slopes of 31 feet 
per mile, such dams may be constructed and maintained at a moderate expense 

ith. That the elevation of the beds of the rivers above the dams to the 
full height of the crowns of these works, is an inevitable consequence of 
their construction, and that no arrangement of under-sluices has, as yet, 
been effective to prevent this result. 

5 th. But, that where effective escapes are provided in the banks of 
irrigating rivers (like the Cauvery), the entire volumes of which are absorb¬ 
ed in irrigation, it is possible to prevent any injurious elevation of the bed 
by sand deposits. 

Gth. That in pure sand acted on by the current due to a fall in the 
river bed of 31 feet per mile, and exposed further to the action of floods 
from 12 to 15 feet deep; well foundations, in front and rear, of G feet in 
depth, have been proved by experience to bo safe. 

1th. That with a vertical fall in rear of the dam from 5 to 7 feet in 
height, a thickness of 2 feet of brick masonry, and 1 foot of cut stone, with 
a breadth of from 21 to 24 feet for the apron, have proved sufficient to 
insure stability, the only further protection required being a mass of rough 
loose stones about 9 feet in width and 4 in depth. As a rough general 
rule, it would seem that the masonry apron should have a thickness equal 
to half, and a breadth between three and four times the vertical height of 
the bar forming the obstructive part of the dam. The loose stone apron 
should at first have a breadth equal to one and a half times, and a depth 
equal to two-thirds the height of the dam. The action at the tail of the 
work leading to constant additions to the loose stone, soon deranges these 
proportions, and they are given only as guides in the first instance. 
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8th. That the main security of the dam depends npon the efficient 
construction and careful maintenance of the apron. 

9th. That in freshes the dam speedily receives the protecting effect of 
a backwater on the apionj the suifacc level of the down-stream side being 
level with the crown of the work when the floods rise to 8 feet above ordi¬ 
nary low water, while beyond that depth the fall over the dam gradually 
diminishes till in 10 feet floods it has wholly disappeared, and scarcely even 
a ripple on the surface indicates the existence of the mass of masonry below. 

l(ith. That looking to the cost of the works executed between 1830 
and 1S53, and the increased area of irrigation due to them, the capital sunk 
amounts only to Es. G-S-0, or nbont 13s. per acre. 

llt/i. That after deducting every expense which the irrigation works of 
the Cauvery have entailed on Government, the net returns may fairly be 
estimated at not less that 23^ per cent, on the invested capital. 

333, The works still in progress on the Godavery are similar in prin¬ 
ciple (though considerably larger) to those already described. The follow¬ 
ing is a description of the Groat Anicut at the head, npon which the whole 
system depends. 

The Godavery anicut consists o£ a masonry dnni in separate portions, the united 
length of which is 11,SGG£ feet, or S,0uoJ yards, "being very nearly 2J miles of river 
channel blocked up hy a solid, substantial, well-protected mass of stone in lime ce¬ 
ment, or without it, according to position, having a total breadth of bn=e equal to very 
nearly 130 feet, and height of crest or sill equal to 12 feet.* The three main objects 
of the dam—clearance, irrigation and transit—aro provided for by three separate sets 
of works, one on each mainland flank, and one at the head of the central tract. The 
under-sluices discharge the necessary functions for the first object, the hcud-sluicea 
those for the second, and tile navigable canal nnd locks those for the third. Along 
the entire length of the masonry dam is carried a line of cast-iron uprights about 6 
inches square, and 8 or J 0 feet apart, having grooves on each side for the reception 
of 2J feet of planking, whereby the water can be retained to that height above the sill 
during the dry season, and a larger volume be thus thrown into the irrigation heads. 

The irrigating channels are, or will be, carried along the subsidiary ridges 
by which the Delta is intersected, and the water is at a sufficiently high 
level for surface irrigation everywhere. 

333. It may seen from what was said in Chapter XLVII., of the 
difference between the physical peculiarities of Northern and Southern 
India, why the Madras system is not applicable to the former country. 
The Inundation Canals already described are, it is true, similar to those 

* The separate masonry portions arc connected by enrtlieU embankments, between tiv or seven 
thousand feet in length, and protected at the junctions by fully 2500 feet in all, of masonry revetments. 
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employed in Madras, but it would rarely be feasible to construct an aufcut 
to secure to them a perennial supply of water, simply because the enormous 
expense to be incurred, owing to tbe great breadth of the river and the 
absence of any material except brick, would not be compensated for by the 
small benefit secured. On this point Col. Anderson may be quoted (himself 

a Madras Officer, and who has bad experience of both systems):_ 

“ To make the conditions in the two cases at all similar, it will be 
necessary to confine ourselves to the ‘ kliadir’ lands, or in other wonls to 
the tract of country along each of the rivers in the North West Provinces 
which is within the inundation limit. But I have explained that tha 
‘kliadir' land is generally of insufficient width to furnish room fora first 
class canal: and, moreover, the fact of the width being inconsiderable im¬ 
plies that the water in the wells is influenced by the proximity of the river 
and as the cold weather level of the latter is not above 15 feet below the 
lip of the channel, and is less than that below the level of the ground at a 
little distance from it, the cultivator could never bo in any straits for want 
of water. As a rule a great part of the ‘kliadir’ land is inundated during 
the floods, and the wheat which is sown on the saturated ground on the 
subsidence of the inundation, requires no further supply of water to bring 
it to maturity. There are generally some slight showers of rain in the 
winter, but at the worst, if this aid fails, the people can have as much 
water as they Ilka at the depth of 10 or 15 feet below the surface of the 
ground. I may add, that the upper stratum of alluvial soil being only 3 
to G feet deep, the water permeates tho sand underneath it, and will stand 
at a higher level when the river is in flood than in the dry season, but the 
change in surface of the water in the wells must be tbe work of time, and 
though the river may subside somewhat suddenly in September or Octo¬ 
ber, the water in the wells will not be affected immediately, but will retain 
a comparatively high level to a much later date. 

“Of course tho further the ‘khadir’ land recedes from the river, the 
more will the advantages above described be absent. The land will not be 
inundated and the depth of the wells will gradually increase with the dis¬ 
tance from the river. It would bo difficult to define the limit at which 
irrigation from wells becomes unremunerative. Much must depend on the 
rent to be paid, but still more on the aid derived from rain. In the lower 
parts of tha Punjab, tbe fall of rain is very precarious; still there are 
always a few showers during the year: and in the winter there are heavy 
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dews which must supply its place in a measure. But taking tilings as they 
are, I should say that cultivation languished when the depth of the water 
in the wells below the surface of the ground exceeded 25 feet. This depth 
is attained at the distance of 5 or G miles from the river; and at the 
distance of 25 or 30 miles from the river, that is, on the extreme limit of 
the western kliadir of the Sutlej, the depth is 50 or GO feet, and in some 
places even more. 

u Here then we have at least one tract of kliadir land, which would admit 
of irrigation on an extended scale, and a similar strip of country exists on 
both sides of the Indus, both in Scinde, and in the provinces to the north 
of it. I not aware of there being any other tracts of country along 
any of the Himalayan rivers, at all events of equal importance, in which 
the same want of artificial irrigation is experienced. 

11 The maintenance of the iuuudation canals is expensive, and the irriga¬ 
tion is partial, and dependent on mechanical aid. It would seem desirable 
to ascertain if there is the means of making the supply perennial, and of 
constituting existing canals into branches of larger channels which might 
he opened at some favorable point higher np the river, and run nearly 
parallel to it, with the water on as high a level as might be wished. 

« q’lju on ly means of accomplishing this would be by construction of ma- 
soury works across the channels, and by extensive flank defences to prevent 
their being turned. The Madras anicuts have been so successful in 
positions, where, not many years ngo, most Engineers would have antici¬ 
pated nothing but failure, that one would naturally turn to them as the 
model to be followed on the rivers under consideration. 

« The chief difficulty would be, not to give a work sufficient strength to 
withstand the floods, or to protect it against a flank movement of the 
river, but to construct it at all. The God a very anicut was closed when 
there was a considerable body of water in the river, though not without 
great difficulty: hut there were stone quarries at no great distance from 
the work, and the only practical difficulty was to have a sufficiency of 
boats, wagons, and coolies to bring tlie stone to the spot. But had there 
been no quarries, how many brick cubes would have served to make up for 
the want of them ? 

“ I may remark, that unless the channel is confined within a rocky gorge, 
so that the width of the stream in the dry weather, is not materially less 
than in the rains, the simple contraction of the waterway will not be suf- 
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ficient to ensure a supply to channels on either side. Many of the Indian 
rivers could not be contracted by artificial works—at places where they 
pass through alluvial soil or sand, to much under the width of amil e 
while in the dry season, the width of the stream might not exceed one 
quarter of a mile. On the subsidence of the river, the heads of the 
canals, on one side or the other, would be liable to have a sand or mud- 
bank, three-quarters of a mile in width between them and the river; which 
in all probability, it would be physically impossible to cut through in time 
to prevent the destruction of the crops. 

It might be possible by a system of groynes, to obviate the occurrence 
of the serious inconvenience I have described; but they would be, at best 
a very imperfect substitute for a dam, and could do nothing to raise the 
water, when it might have fallen to an extraordinary low level, 

The construction of such a dam across that river must of necessity be a 
very expensive work. No material but brick would be procurable, unless 
for coping, grooves, and other work in which stone might be considered 
essential, and every cubic foot of it would cost about a rupee. Even bricks 
would cost 14 or 15 rupees a thousand, if not more; and for the enor¬ 
mous quantity that would be required, it would be difficult to get sufficient 
fuel, at any price.”* 

334. Revenue of Madras canals. —Water-rent is not levied on these 
canals as in Upper India, but the land irrigated by them is charged at a 
higher rental, and the increase credited to the Canal Department; another 
great advantage enjoyed over these canals in these provinces is, that the 
Madras canals are opened out by degrees, while the Ganges and other canals 
are nearly completed before any water is thrown into them. In the one case, 
after an anient has been completed, and a command over the water in the 
river thus obtained, the water can be turned to use by the simple excava¬ 
tion of channels in different directions. The depth of excavation at the 
heads of the main channel may bo considerable, but it is generally practica¬ 
ble to excavate them to the capacity required to deliver a supply of water 
sufficient for the immediate wants of the district, during the period occupi¬ 
ed by the construction of the anicut, which will probably not exceed 3 

• Tor the tract above described a project for a dam to secure a perennial supply to the upper 
Evitlej Canals was pi spared and sent to Government some yeais ago. Nothing has yet been dona 
however It was suggested by Col. Dyas, then Director of Punjab Canals, that such a dam might 
advantageously be combined with the Railway Bridge, v Inch was then projected in that neigh¬ 
bourhood, 
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years. Sluices and other masonry works will be required also, but on 
some if not all of the projected lines of channel, their progress will keep 

pace with that of the amcut; and there are generally existing channels,_ 

natural or artificial,—which may be used temporarily, if not permanently, 
to distribute the water in different directions. 

Further, in every part of the Madras Presidency, there are a number of 
rain-fed tanks, the revenue derived from which may be liable to undergo 
extraordinary fluctuations, owing to the uncertainty and insufficiency of the 
supply. The cultivation then becomes a lottery; it may be profitable or it 
may not; but the cultivators, though they may be ready to run the risk of 
losing a poition of their crops, will be obliged to refrain from cultivating 
all the land under their tanks, though if they could secure a good season, 
they would be only too glad to do it. The addition of the water supplied 
by means of the anicut channels to such tanks, would have the immedi¬ 
ate effect of securing the revenue and of giving confidence to the people. 

Even with an expenditure of 20 lakhs of rupees, which is more than 
would be required to bring an anicut and channels on a large scale, into 
operation, it will bo readily understood that an increase of revenue suffici¬ 
ent to constitute them remunerative works, or a return of 5 per cent, 
might be realized almost in the very first year, during which a supply of 
water is provided. Direct irrigation by means of small channels would he 
carried forward at the same time ; and as the demand for water increases, 
there is comparatively little to be done, beyond increasing the capacity of 
the main channels for a few miles from the heads. 

Thus the Delta projects in the Madras Presidency provide in the first 
instance for the supply of water sufficient to place existing cultivation in a 
state of security, and for a moderate extension of irrigation to new land; 
but they admit, of expansion, until they comprehend the whole of the 
country which can be brought within command of the water. This system 
must be considered to be practically a very perfect one. 



CHAPTER LVI. 

IRRIGATION TANKS. 

335. A tank for Irrigation is formed by an embankment tlirown across 
a line of Drainage so as to collect the water on the upper side, which is 
then drawn off for Irrigation purposes by means of sluices and channels. 

Tanks are of several kinds. 1. Where a bund is thrown across the 
gorge of a mountain pass which is the bed of a torrent thus forming a lake 
enclosed by the rocky sides of the pass. 

2. Where a natural hollow in the ground outside the hills is made into 
an artificial lake by closing up all places where the water can make its exit; 
such a hollow may be a very small or may bo a large natural basin drained 
by a stream or nullah; and the supply for such tanks may depend entirely 
on local rain, or on streams swollen by rain in the hills abuve. Or, as is 
often the case, the tank may be filled by a cut from a neighbouring stream, 
not running through it. 

3. Where artificial side walls are required as well ns the front wall, to 
enclose the water—in consequence of there being no natural hollow but 
merely a continuous slope of the ground in one direction. 

It is evident, however, that these three kinds are merely modifications 
of each other, depending on similar principles for their construction, and 
which may be treated of collectively. 

In designing a tank when the source of supply has once been ascertain¬ 
ed, the first point to be determined is the position of the bund by which 
the tank will be formed. Other things being equal, it is evident that the 
narrowest part of the gorge or hollow should be chosen so that the length 
of the embankment may be as short as possible—and in most cases this 
will be found to be the best site. Blit it is also to be looked to that this 
bund shall hold up the greatest quantity of water possible, and this may in 
some"cases modify the actual site of the embankment. It is evident that 
the amount of water so held up will depend on the area covered by the 
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water and. its depth. This depth again will depend on the height of the 
embankment and the slope of the bed of the tank—for the water can no¬ 
where rise higher than the lowest part of the top of the embankment (na¬ 
tural or artificial) which dams it up, hut will then, if the supply he conti¬ 
nuous, escape at that point. Sometimes, therefore, it will be found that a 
bund at some other spot than the narrowest may give a larger area or 
greater depth above, so as to hold up such an additional quantity of water 
as will amply repay the cost of the increased length of the build. 

Other points to be taken into consideration in selecting a site for an 
embankment are, the relative level and position of land to lie irrigated, tha 
quality of soil for foundations, and the proximity of stone and lime, fuel 
and water, for the supply of the works when in progress. 

Briefly, the indications most favorable to the construction of a tank- 
embankment may be thus enumerated :—1st, A channel bringing down an 
ample supply of water; 2nd, For the bed of the tank, a broad expanse of 
nearly level land in front of the embankment, having a slight dip towards 
the latter; 3rd, That the land to the rear be of greater extent than the 
bed, and slightly lower in its level, in order that every portion of it may be 
irrigated through masonry sluices constructed in the embankment, and 
communicating with earthen channels leading to each field; 4th, A rocky 
foundation at little depth from the surface; 5th, That water be procurable 
from the bed of the water-course, or from a well, for the use of the work 
and workpeople; Gtli, That stone, lime, and fuel be witlriu reasonable 
distance. 

It will rarely happen that all these advantages are offered at one locality. 
The main object of the tank, it is to be recollected is the irrigation of the 
land to its rear. A careful survey of the proposed site should be made, 
including - the levels of the intended dam, and of the land to its front and 
rear. The elevation of the embankment, and the area of the bed to be 
submerged, may then be adjusted and determined, and an opinion as to the 
irrigative powers of the tank, in reference to its depth and expense, may 
be formed. The expense of the work is then to be contrasted with the 
probable return from the irrigation of the land in rear, from the growth of 
luxuriant crops in the bed after the withdrawal of the water, and from the 
more indirect benefit arising from the multiplication of wells supplied by 
filtration from the tank. 

330. It next becomes necessary to determine in what way the surplus 
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water that may be thrown into the tank shall escape. If there is perf c -t 
control over the stream by which the tank is fed, the water may be turned 
off when the latter is full, by means of a sluice at the heath This, however 
will not often be practicable and in any case an escape must be provided 
from the tank itself for the surplus water : This may he allowed an exit 
in two ways; either by the bund itself or by a side channel, arranged so 
that the surplus water shall flow down it as soon as it comes nearly 0 n 
a level with the top of the embankment. If such a channel can be pro¬ 
vided at a moderate expense it is always the preferable method, as there is 
then no danger to the bund from the shock of water falling over it—nor of 
silt or boulders accumulating in the tank, nor of the Irrigation channels 
and sluices being injured. But in many cases, especially where the tank is 
formed inside the hills, the expense of cutting such a side channel would 
be too great, and the only passage for the side water must be by the bund 
itself. To effect this, flood-gates must either bo provided, or the water 
must pass over the whole or part of the bund. In peculiar cases the for¬ 
mer method may be allowed, but as a general rule, the latter method is 
preferable, as being self-acting. If the bund is of no great length and can 
be made of solid masonry throughout, then the whole of it can be arranged 
as an overfall. If so large an escape is not required, and the embankment 
is of earth for the greater portion of its length, then a portion of the bund 
must be built of masonry (the top being two or three feet lower than that 
of the earthen embankment), and will serve as an overfall or waste weir. 

337. Such are the general principles of these works—we may now 
enquire further iuto the details of their construction. 

The thickness of the embankment must of course depend on the nature 
of tho material, as well as on its height and the violence of the stream that 
has to be arrested. In damming up a bill torrent, boulders will generally 
be found in sufficient plenty to yield abundance of lime and stone, and if 
fuel is cheap and water at hand it would be better to make tbe whole brmil 
of pucka boulder masonry. If not, then the portion forming the overfall 
must at any rate be so constructed, and the remainder may he made of dry 
boulders with a long slope on each side and a thin pucka wall in the centre 
to prevent leakage. The thickness should of course decrease from the 
bottom to the top, and that portion over which the water is to pass, espe¬ 
cially if it is to be of any great height, should bo raised, bit by bit, in 
successive seasons, and the water be allowed to flow over it freely. It will 
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thus have time to consolidate and its strength be satisfactorily tested. The 
foundations should be carried down to rock if possible—or at least to firm 
soil. If this is not found at a moderate depth an artificial foundation of 
concrete or rubble masonry may be formed. The superstructure should 
be carried into the side rocks to prevent their being tinned. The shape 
of the waste-weii may he perpendicular on the water side with a long slope 
behind for the water to flow over, and the flooring protected in the usual 
manner. Additional strength is sometimes given to such massive embank¬ 
ments by throwing out bastions, at intervals, on the water side. One or 
two of these can be made hollow to contain the sluices which can be work¬ 
ed from the top, and spiral steps may he made inside to descend into the 
water. Where the supplying water is less violent and in the ca=e of tanks 
outside the hills, such extraordinary precautions and solidity of workman¬ 
ship are of course not requisite. Boulders, too will be scarce, or perhaps 
wanting altogether,—so that earth, bricks, and perhaps brushwood and 
piles, will have to be the materials employed. The earthen embankment 
must of course he made very massive, and if it can be protected from the 
action of the water by a thin wall of pucka brick masonry or dry stone it 
will be as well. If not, it should he well turfed or defended with piling ar.d 
wattling. Of course no part of the earthen embankment can be used as an 
overfall, but if there is no separate escape for the surplus water, a portion 
of the embankment itself must be made of masonry to act as an overfall. 

338, Madras tanks .—The banks of the generality of tanks in Madras 
seldom exceed 5 yards in height. Many of them are formed of earth only, 
in a few instances carefully turfed; while some of the larger works and, in 
countries whore stone is abundant, many of the smaller banks also, are 
protected by loose blocks of rough stone laid on the inner sloping surface, 
or disposed in the form of a nearly upright revetment, without mortar or 
cement. The object of these rough stone facings is not so much to sup¬ 
port the earthwork, as to protect it from the action of the waves during 
stormy weather, and from damage by the monsoon rains. 

Many tanks are often formed in the same valley, the bed of one begin¬ 
ning where the cultivation under that above it ceases. In consequence 
of this, the breaching of one tank often leads, by the sudden influx of its 
waters to the bursting in succession of those below it. This is more par¬ 
ticularly the case, when heavy and sudden rains succeed seasons of drought 
during which, the earth of which the tank banks are composed, loses its 
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tenacity and is soon saturated by water. Another, and the general causa 
of the breaching of tanks is the neglected state of their banks, which are 
not in all parts sufficiently raised above the surface of the water in them 
High winds exciting waves in the tank, throw the spray over the lowest 
parts of the banks, which are thus gradually worn away, until at last the 
water overtops them, and a breach ensues. 

In Madras, the waste weirs above described, are known by the name 
Calingulah, a Tamil word of originally much wider import. Along the 
upper surface of these, a row of upright stones two to four feet apart, 
and from two to eight feet high ai-e generally inserted. The intervals 
between these stones arc filled up with earth, straw, and rubbish, to in¬ 
crease the capacity of the tank when the rains are moderate; but when 
the supply of water is too great, and the tank is in danger of being 
breached, the interstices are cleared, to allow a larger quantity of water to 
escape, the rapidity of the outflow being increased by the additional vent 
thus afforded. The damstones are made of such height, that the top of 
the temporary bank raised between them is nearly on the highest level to 
which water can rise in the tank without endangering its bank. In some 
tallies, the excess of water flows out from vents pierced at a low level in 
masonry walls similarly placed. These vents are closed by vertical planks, 
inserted side by side, or by shutters. Works of this description, termed 
surplus sluices, allowing the water to flow out with greater rapidity, are of 
smaller dimensions, and less expensive than calingulalis. They hare also 
the very great advantage of permitting the escape of mud and sand from 
the bed of the tank; by the accumulation of which all such works are 
otherwise liable, in the course of time, to be filled up and rendered useless. 
Yents to be closed by planks or shutters have frequently been constructed 
in the low r er part of the body of calingulalis. But the common calingu¬ 
lah is the usual way of allowing the surplus water of tanks to escape. 

339. The velocity of water issuing from an opening such as a calingu¬ 
lah depends upon the height of the surface of the water escaping above the 
bottom of that opening, and is found by multiplying the square root of 
that depth or height by 5, and the height being in feet, the velocity will 
give the feet per second; thus the height being 4^ feet, the velocity 
will he 5 a/J= 15 this multiplied by the product of the height and 
length, will give the discharge. Knowing therefore the quantity of water 
that can enter the channel or tank in an hour, the length of calingulah is 
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easily found : thus, it is found that for the extreme fall of rain on only one 
square mile, a calingulah of 120 feet is required, supposing the water flow¬ 
ing out to be of the usual depth, that is 4£ feet, which is about the average 
height of calingulah damstones in moderate sized tanks. Were the depth 
to be greater, the dischaige for the same length would be increased, and in a 
greater proportion, viz., that of the square root of the cube. Tlius if the 
depth were multiplied by 2, the discharge for the same length would have 
to be multiplied by ^8, and so for an equal discharge. A depth of 9 
feet of water would allow of the length of the calingulah being reduced to a 
little more than £ of the length required when the depth was only 4A feet: 
so that if a tank bank be so high that it will be safe when 9 feet of water 
goes over the calingulah, 40 feet will be sufficient for every square mile of 
drainage. But this is an enormous length ; it is not unusual fur a tank 
to receive the drainage of a country from several miles around; and if 30 
square miles or a quarter of a circle of 13 miles radius drained into a tank, 
by this rule it would require no less length of calingulah than 1,200 yards 
in the former case, and 400 in the latter, while there are no tanks having 
calingulahs approaching these dimensions. 

We must therefore inquire into other parts of this important question; 
and in the first place, we have hitherto proceeded upon two extreme sup¬ 
positions which can rarely occur together, viz., 1st, That the tank is full 
before the heavy fall of rain commences ; and 2ndly, That 5 inches of rain¬ 
fall in one hour, or at the same rate as records has shown it to have fallen 
in 12 minutes only. The length of calingulah necessary would have to be 
reduced in proportion as the fall of rain is less rapid; and if 120 feet be 
required for 5 inches an hour, 60 will suffice for 2J in the same period; or 
if the water can for a short time be 9 feet above the floor of the calingulah, 
40 feet per square mile will do for 5 inches, and 20 feet for 2? inches per 
hour. With regard to the first supposition, it is most likely that the tank 
will not be full when the heavy rain occurs; and in this case the greatest 
part of the water would be retained in the tank ; thus if the bed of a tank 
contain 5 square miles, and it receives the drainage of 20 square miles (the. 
total fall of rain not exceeding 50 inches in a year), the tank would not 
overflow" if capable of containing 4 times 50 inches, or 16 feet 8 inches over 
its whole surface; or if the bed of a tank be in any proportion to 'ts drain¬ 
age, water will not flow out until the number of inches of rain fallen bears 
the same proportion to the average depth. It is evident, therefore, that 
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the proportion that the tank bears to the surface of the land which drain’ 
into it, must also be taken into consideration, and the dimensions of the 
calingulah regulated by all the circumstances which effect the supply 0 f 
tank and the quantity of surplus water. To most largo tanks the water 
is brought from rivers by channels, and the quantity of supply ma y 
that case) be regulated by a head sluice. 

One of the largest calingnlahs in Madras is that of the Carangooly 
tank, in the Cliingleput district, and is of the form and dimensions of the 
annexed plan it was built, by General Sir J. L. Caldwell, of the Madras 
Engineers, many years ago. 

34-0. Sluices of Irrigation .—Consist of long tunnels of cemented brick 
or stone, arched or covered with flat stones, passing through the hanks of 
tanks, and on a level with the bed of the tank; furnished at the extre¬ 
mity, inside the tank, with a contrivance for regulating the quantity of 
water that flows to the fields, ancl at the other end with a cistern or basin, 
the walls of which are pierced with boles at different levels, through which 
water running to the branch channels is carried to fields at various eleva¬ 
tions. The sluices in large tanks have sometimes cisterns at the inner 
end also, the object of which is to prevent the accumulation of mud at the 
head of the sluice. 

The ordinary contrivance at the head of the sluice, known by the name 
of payed , consists in a vertical door (often merely a block of stone) which is 
removed to allow water to flow, only when the tank is nearly empty, and 
in a portion of the covering (which is of stone) being pierced with a 
conical hole, in which a conical block of wood attached to a long bamboo, 
is moved upwards or downwards from a frame of two large upright stones 
and two or three pfiaced transversely for the sluice man to stand on. 
These latter have holes in them through which the bamboo is lifted or 
lowered. The orifice through which the water issues is blocked by this 
description of stopple, or opened to any desirable extent according to the 
demand for water. 

Irrigation by tanks is often combined with that by rivers, the water 
from the rivers being brought into tanks that are favorably situated, by 
means of channels cut through the river bank and intervening ground. 

341 1 The following description of the Mysore tanks by Captain (now 
Major-General) Green, will be found interesting:— 

“ Tanks .—There ore upwards of 20,000 tanks in the returns, the bunds of which are 
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of every variety of length from a quarter of a mile to 1} mile,. They are nit!, , trv 
few exceptions, faced with a rough stone revetment, having a batter of 'about one hori¬ 
zontal in two vertical; the stone facing averages from a yaul, to half a yard in thickness 
anil is hacked with loose rubble stones, which aie together of a thickness equal to that 
of the large stones in front. Occasionally a lighter description of revetment mains 
the rear slope of the bund. The breadth of the earthwork is proportioned to its 
height, which is greatest in the centre of its length. An ordinarv bimd is about l‘> 
feet broad at top, GO feet at bottom, and 18 feet high ; there are many in ev erv Taiook” 
however, which, exceed the ahove section. ” * v ' 

" Sluices.— Ench tank is provided with from one to two, and sometimes three sluice* 
by which the water can be let out to the fields at pleasure. Their position is •’encrallv 
on a level with that of the hod of the tank, but if any portion of the lands to be irri¬ 
gated be above that level, one or more of the sluices is placed at a corresponding bright" 
A tank sluice is a large, substantial and not unfrequently an expensiv e work; ^consists 
of a 2 yard square brick or stone cistern one yard high, to keep off the- iand nt't'he 

front of the bund, with one or more valves, or plug-boles in a stone at the bottom 

front G inches to a foot iu diameter. The valve is attached to a pole so lorn-, that 
the top shall never he covered with the water in the tank. It is held in an upright 
position by 2 or 4 vertical stone pillars from a inches to J a jard square, to which 
horizontal stones are attached, one at top ami another midway, down through a hole 
in the centre of which the valve rod works, having a stout chain and pin to uphold 
it when necessary, arid to regulate the discharge ; the pressure of the water upon the 
top of the valve keeps it sufficiently tight when lowered into the valve hole to prevent 
the escape of the water. At tlio rear of the bund another cistern of about the tame 
dimensions and usually of brick iu clmnam is built, three sides of which are fnrnished 
with square openings, and shutters to admit of the water being turned off in the 
required direction. The two cisterns are. connected with a tunnel, the length of which 
depends upon the cross section of the bund through which it is laid, and is generally 
from 10 to 30 or 40 yards. The vent throughout the tunnel, for the passage of tha 
water, is about 2J feet high and 2 feet broad. These dimensions are adopted to 
permit of a man going in to elenr avvny obstructions, and to examine the state of the 
tunnel occasionally, should anything appear to have gone wrong. The cross section 
of a tunnel is like that of n massive bnrrel-brick-drain, but the vent is generally 
rectangular and cased with granite slabs about 6 to 9 inches thick. 

“ Collies .—In addition to the sluices each tank is provided with from 1 to 4 open 
masonry outlets, called codics, the gorges of which vary from 10 to 100 yards in 
width, and by which the surplus water of the tank escapes to other tanks helow. As 
the rush of water over the codies would wash away any but a strong description of 
work, by which it was confined in its passage from the tank, the codies are neees^arily 
madc very substantial with the largest sized rough stones procurable in the neighbour¬ 
hood, those of the large tanks rivalling the smaller anicuts on the rivers iu the 
ranssiveness with which they are constructed, and the brick retaining walls with 
which they are frequently protected. Codies are generally of a square figure covering 
aa much ground lengthways, as in their width. The front, which breasts the water 
consists of a solid rough stone wall from 1 to 2 or 3 yards deep, according to the qua¬ 
lity of the soil, and of proportionate thickness. It is furnished with dam-stones, which 
project a yard and a half, and are let firmly into the top of the wall at 1 yard intervals. 
The addition of some sticks, straw, and turf placed in front of these vertical stones 
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makes a temporary dam, by which the ryots are enabled, after the burst of the non. 
soon is over, to retain the water in the tank at a level about two feet higher than they 
otherwise could have done, and to secure tho water for a so much larger period, 

“ The sides of a cody are protected by wing walls 1 to 2 yards high, of rough stone 
or brickwork which, contract or approach one another at the ends of tho gorge wall' 
and widen out above and below forming, aa it were, the sides of the funnel of fife! 
charge. 

“ The stones on the lower of the gorge wall, are nsnnlly laid over suitable foundation 
in the form of a sloping apron, from its top to (he bottom of the nullah below by 
ivhich the force of the water is broken; in cases, however, where it is found dif¬ 
ficult to render this (the ancient mode of building codics) permanent, recoup has 
been had to disposing of the apron stones like a flat pavement at the foot of the gorge 
wall (whatever be the height of the latter) taking care to have a very solid iron 
clamped platform of cut stones for the water to cascade upon. Its force is there 
expended, and it flows gently away from the foot of the gorge wall without having 
the power to do any mischief ; this plan is found most eiloctual, and has never failed 
wherever it has been tried. 

“ The level of the top of the cody, whether of the permanent masonry, or of tho 
low temporary dam now occasionally put abovo it, is the gauge of the powers of 
capacity of tho tank; above that, the cody is always open and acts ns the safety valve 
of the tank. 

a in the nullah, immediately helow a cody, is sometimes built another workoi rough 
stone like the roily, aucl equally large, but which so applied is termed a “ cuttny." 
Taken off, from above tho latter, is a channel of irrigation. This is a very good 
arrangement, when the levels are favorable. The cody retains the water in the tank 
at its highest safe level; tho outlay below appropriates the surplus water, which the 
cody has discharged, and which hut for such cuttay would he lost, Pouring over 
the cody in a tliiu sheet of perhaps a few inches only in depth, the sectional area of 
the water is fully sufficient to supply an ordinary tank channel of irrigation, and when 
it censes, vecoursc is had to the sluices in the bund which are then opened. As the 
surplus water for 10 or 15 days annually' is discharged in a great volume oyer the 
codies, the cuttnys below are then exposed to a groat shock from the impulse thereof, 
and require to he substantially constructed. 

“ As tho alluvial deposit, year after year accumulating, gradually raises the beds of 
tanks they would in process of time become useless were not the alternative adopted 
from time to time of adding to the height of the bunds, which of course involves an 
enlargement of the cross section generally, as well us tho raising of the codies and 
the construction of new sluices at higher levels than the former ones occupied, when 
the sand has eventually eliokcd them up. 

«rpj lllSi 6ven it no breaches occur, there is a constant yearly increased demand for 
tank work, and several of the bunds have attained height in the effort to keep them 
sufficiently above the surface of the water. The upper part or roadways of several 
bunds in each of the four Divisions, are on a level with the tops of the cocoannt, and 
even of the more lofty areca, trees in the gardens immediately below them. 

The same resource is had recourse to in discharging the sand from the tank beds, 
that is adopted for the ejection of that carried into the channels of irrigation from 
the rivers. But a different season is selected j instead of the close of the monsoon, 
its commencement is taken, and no sooner is it seen that the monsoon has set in, than 
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(he ryots Tange themselves about the sluice head in the tank, which is at this time 
shallow, and stir up and agitate the bed, till, reduced to a semi-liquid state, it runs off 
through the sluice with the writer. This, like the opening of the nullah nnder-slnice, 
is however but a partial lcmcdy. It ia less expensive to raise the bund than to carry 
away the sand by hand. 

“Most tanks receive their supply from the high groaud in the neighbourhood, and 
irrigate paddy fields or gardens immediately below them; but there are exceptions to 
this, as numerous tanks are partly supplied by channels winding ronnd more remote 
hills, and which catch all the rain water flowing down their sides and comer it into 
the tank. Water-courses or nullahs which are called into existence during a local fall 
of rain, are also dammed up, and their contents in like manner appropriated to the 
benefit of tanks. A single tank may possess several feeders of this kind, all of v.hich 
require to be kept in repair. 

“ In like manner the fields to be irrigated are occasionally at a dhtance from the 
tank, nnd have channels of irrigation therefrom, including their winding*, of from 2 
to 30 miles long, and upon the preservation of all of which in proper order, depends 
the success of the crops. The water of the Soolikenay lake irrigates land at a dis¬ 
tance of 30 mil es. Other reservoirs of water, not connected with the irrigation, but such 
as public wells, bowries, cuttays and so forth, which ace required for the use of the 
inhabitants and their cattle, have been extensively restored in every Talook in the 
country s and tlie consideration of the Government in directing these improvements of 
works so essential to the health and comfort of the community, is rightly appreciated 
and gratefully acknowledged. 

343. It is calculated in Madras that a cubic yard of water is required 
for every square yard of laud having to be irrigated constantly through the 
year. This appears to he a large amount, but in the absence of more 
certain data it may be used in estimating the probable return of a 
tank. 

Rice land requires to be covered throughout with water to a depth of 
half an inch; seventy two days are calculated as the time required by the 
land to be covered with water ; therefore for a cawnie of land, (6,400 
superficial yards,) 6,400 cubic yards of water should be stored for every 
cawnie which is to be watered. 

A channel should supply -7 ° - ° = 88$ cubic yards per diem, or 3-J$ cubic 
yards per hour for every cawnie to be watered. 

It is usual, in calculating the water required for a cawnie, to allow 
10,000 yards, which allows for evaporation, wastage, absorption, &c. 

88$ cubic yards — 2,400 cubic feet per diem = 100 cubic feet per 
hour, and requires a vent of of a square foot at the velocity of 1,000 
feet an hour; at one mile an hour, it requires of a square foot. 

For 440 cawnies of rice land, equal to one square mile, water running at 
the rate of one mile an hour will require a vent of = 83 square feet. 
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Not much attention, as a general rule within certain limits, appears to 
be given to the size of orifices for the discharge of water for irrigating ] ari ,] 
under tanks. The sluices which arc pretty numerous, because some land 
are higher than others, and again belong to different villages, are furnished 
with conical shaped vent holes in front, cut in stone, with some little re 
gard to the quantity required: these arc furnished with conical plugs- 
and a little practice enables the person whose business it is to distri¬ 
bute the water, to judge what amount of opening is required. 

343. The tank system of irrigation so common in lower India is com¬ 
paratively rave in the Upper Piovinces. Indeed the only districts wheie 
it has been carried out on a great scale, the principle having- been applied 
by the Natives from time immemorial, are those of Mairwara and Ajmere 
whore Colonel Dixon’s energetic attention to the subject produced most 
successful results. 

The districts that lie at the foot of the Hills on the E. N E. and 1?. 
of the Punjab would, however, seem to be peculiarly adapted for it. Rain 
is scarce, the hill streams are numerous, aud the soil in general of good 
quality. A system therefore liy which the temporary supply of water 
from occasional rain might be stored up for future use, is one that is de¬ 
serving of serious attention. 

Iu the Punjab, the tank would sometimes bo filled twice a year—about 
the months of February and July—and would irrigate both crops. In 
other parts, especially on the Western frontier, where very little rain falls 
in the cold weather, it would often happen that the watei would be available 
for the KhurceJ only. The bed of the tank might in this case be sowed 
when dry in the autumn for the spring crop—as the soil would be wet 
and probably rich from the silt deposited in it. 

34-4. On the Western frontier of the Punjab, where rain is excessively 
scarce, and the ground near the Hills at so high a level that it is impos¬ 
sible to irrigate it either from Wells or Canals,—the natives are very 
ingenious in turning the water that occasionally comes down the hill nul¬ 
lahs to good account. The dry bed of the stream is taken possession of, 
and dams of earth and brushwood thrown across from bank to bank at 
different favorable points. When the water comes down, its level is 
thus raised against these bunds and it is skilfully directed down the secon¬ 
dary channels, natural or artificial, whose months are just above the dam, 
and which iu their turn ave bunded. By a similar method the water is 
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turned clown still smaller channels until finally it is thrown on the fields, 
which are bunded all round to retain it. When the bunds of the main 
stream are over-topped and carried away, which usually happens in a 
very short time, those lower down the stream get their sliaTe of water—■ 
and so skilful is the organization that although these floods last but a very 
few hours the water is distributed in the above manner by hundreds of 
weira and minor channels over a large extent of cultivation—and with, 
generally speaking, remarkably few disputes. 

The great defect of the system is that if only a small quantity of water 
comes down, the bunds lower down the stream, go without; if a large 
quantity comes down the violence of the torrent is so great that the earthen 
bunds are canned away iu succession too rapidly, and three-fourths of the 
quantity is wasted. Moreover the cultivation is precarious in the last de¬ 
gree as rain is so very rare. If masonry dams or weirs could be substitu¬ 
ted for these earthen bunds, it is evident that the water would be under far 
better control than at present, and moreover could be stored up for future 
use in the bed of the nullah above the weirs. By a proper system scarcely 
any would be lost. Suppose for example a nullah some fifteen feet deep, 
with a fall in the bed of twenty feet per mile—it is evident that, if dams 
be constructed from bank to bank at every three-quarters of a mile, 
the surplus water passing over their tops in succession, a series of still 
water canals would ho formed whence the water could be drawn by means 
of channels or the Persian wheel. If the beds of these nullahs were too 
shifting and shallow for this, then the waste water could be thrown by 
means of small side cuts into artificial earthen tanks. By a proper appli¬ 
cation of these two methods, there is little doubt that a great extent of 
country now lying barren could be brought under irrigation. 

In the construction of such weirs, the same rules apply as have already 
been stated with regard to tank dams—wherever the banks are at all liabla 
to be cut away, great precautions are necessary to prevent the weir being 
tamed. The masonry must be carried well into tbe banks on both sides 
and water walls added for some distance both up and down-stream. 

3T5. The following description is from Colonel Baird Smith s work: 


The tank which bears the rather formidable name of Chumbrambauknra is one of 
the finest in the Madras Presidency. It is picturesquely situated m the vicinity of 
bold hilly ground, and looks like a natural lake in a position where such a sheet of 
water might very readily be looked for. Beyond furnishing the water and the site, 
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however, nature lias had veiy little to do with its creation. It is pnielvartificial 
and its supply is retained by an embankment 3 miles 5 fiulongs 20 yauls in 
langmg from 9 to no less than 28 feet in thickness, and from 1G to 2G feet in ha ht 
Its area is 9J square miles, and Us volume may he estimated at 3,000 millions of cn 
hie feet of water. It maintains a sheet of lice cultivation, nearly 10,000 neies m 
extent, yielding to Government an annual revenue of lather moie than 50,000 rnpoci 
and the cost of improving its vmious works, and keeping them in efficient repair has 
averaged, during the last 20 years, about 7 pci cent, on the levenne derived from it 
Its apparatus for distribution consists of 10 iirigation sluices. Its safetv during 
floods is insured by the action of six waste weirs or caliugulas, giving in the nggus 
gate a breadth of escape channel of 07G feet, with a depth below the eiest of the cm- 
lmnkment ranging from 0 to 13 feet according to positron. Through this measm 
enoimous mnss of water can escape, mid as the supply is dependent almost exclusive¬ 
ly on natural rainfall and merely local drainage, the protective provision has prmed 
adequate, and breaches have been very rare. 

346. The following cleseiiptions of other kinds of Irrigation tanks in 
Mairwara and Ajmerc are from Col. Dixon’s work:— 

A ahru tank embankment —Tbc Plate gives representations of the plan, section, and 
elevation of the work. AB shows the bund or embankment blocking up the gmge 
left open by Nature in the line of lulls for tire passage of the lain-wnter. Towards 
the water-line is the wall of masoniy, having tluee bastions with two flights of steps 
leading down to the water. The wall of masonry is supported by an written embank¬ 
ment, the upper level portion of winch luqncscnts the terroplcin of the bund D 
denotes the muldec, or water-course, which has been dosed up j whereby the water, 
collecting in one mass, constitutes the tank. Tile section through AB shows the 
thickness of the masonry and earth. The escape, C, has been cut through the hill. 
It has a wall of masonry towards tbc vvatei-faco perforated with apeitmcs for sluices, 
through which the water is conducted to drains nrndo of earth by the cultivators, 
leading to their several flelds. The excess of water after the filling of the tank 
passes over the summit of the masoniy wall, anil flows oif to fill wens and tanks 
constructed to its rear. A second opening, or outfall, is made in the opposite lull, as 
is shown in the Survey Map. Tho elevation gives the appearance ot the masonry 
wall as scon from the bed of the tank when it is dry. Tho Survey Map affords an intel¬ 
ligible view of tho bund, water, and country around. Wells have been sunk in thosB 
positions vvhero the cultivated land was too elevated to bo irrigated by the blmccs, 
They communicate by small cuts with tho bed or sluices, and the water is raised 
by the Persian wheel, worked by a pair of bullocks. Sections through the kutcha 
drains made of earth ate shown. The references on tho plan, give a full explanation 
of tho particulars to which they rofer. Tho dotted lines drawn across tho tank exhi¬ 
bit the positions taken up in its survey. 

The basin drained by the Kabra nuddee, at tho place embanked, embraces an ares 
of about seven squnve miles. During heavy iains, the stimuli swells to a mountain 
torrent. It was therefore a question of the first importance, that the work should 
be extremely substantial and capable of resisting (he pressmo of a wide expanse 
of water, having a depth of 20 feet. The length of the bund is 620 feet; the 
foundation has been sunk to tho rock 9 feet in depth, having a bicadth of 27 
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feet, built of stone with limehtone mortar. The trout ,v„ll -n.i-i. , 

Inciultli ns it rises in elevation, each course of masonry h-ivimr t’ * ec ^ cs m 
wards tlie water-face, ns the breadth decreases; the weight of the e '^ t<5 ‘ 

thns kept well within the perpendicalar line. ” 

reduced to 10 feet in breadth at the top. Its hciaht from the f ’ i • ^ 0nr - y 
the summit is 33 feet. The rear emhankmeat, continued through^the 
length of the bund, is 70 feet m breadth, its greatest elevation bein'* ”S feet 
and C inches. The water m the tank, after rising within 4 feet of Ore" upper 
line of masonry flows out by the outfalls on the right and left of the lmucl Gran 
„lnr limestone is in such abundance, and so easily quarried, that it has been ex 
elusively used ns the building stone. It was contracted for by the Zumecndan at the 
rate of ten cubic yards per rupee, tools being provided at our own expense. The 
stone was then carted to the works at n stated contract price. The (marries being 
near to the hand, this charge Mas equally reasonable with the original cost fj* 
excavation. Earth for the embankment was provided from the bed of the lank 
ramps of earth being thrown up for the convenience of the beldnra and cattle-as the 
elevation of the bund increased. Latterly, as the soil immediately in front became 
exhausted, earth was taken from the rear. The embankment in immediate contact 
with the front wall of masonry was well beaten down and watered from time to time. 
The betters were paid by contract. A low sloping hank was thrown up in font of 
the masonry, in view to caso off the pressure of the water; and to prevent the earth 
of the main embankment from being washed away by heavy rain, it has f,ecn 
provided with a dry stone retaining wall from 4 to C feet above the surface of the 
ground. The masonry and the embankment were earned on at the same time ; the 
presence of the earthen bund obviated the necessity for scaffolding, while the earth was 
well trodden down by coming in constant contact with the feet of the woik-pcople. 
The work was commenced in 1837, and was completed in two years. Many facilities 
wore offered ill its construction. Stone, lime, ami wood were in ample abundance 
and near to the scone of work. Water was the grand difficulty to he overcome during 
the first senson. It was arranged for, by sinking several wells in the rocky bed of the 
lmdilec. 

The expense of tho work was as follows:— 


153,121 cubic feet of lime masonry- 
8,830 „ of dry stone masonry - 

725,215 „ of earth well beaten down 


ns. a. v. 

4,365 6 0 


Total expense of the Ivabrn embankment - G,248 3 


The expense of the pucka masonry diming the first year of construction was at the 
late of three rupees and two pie the 100 cubic feet. During the second year, owing 
to the presence of water in the tank the charge was reduced to two rupees nine annas 
the 100 cubic feet. Dry stone masonry averaged one rupee ten annas, and earth 
about four annas for tho same measurement. 

During the last two years, tho sluice in the outlet to the west of the bund has been 
sunk several feci in depth, in view to irrigate the lands to the rear, and obviate the 
necessity of Persian wheels, and otherwise economise the labor of the cultivators. 
Before this arrangement was completed, there were eighty wheels, generally provided 
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witli a double lino of buckets, continually employed, during tlve cultivating iensotl 
in extracting- water far irrigation, which presented a scene of industry scarcely to l,e 
surpassed in any country exclusively agricultural. The tank, when filled to the 
overflowing point, presents the appearance of u beautiful lake, imbedded in the midst 
of hills, and covering a spread over 450 beegahs, its waters resting on the base of the 
hills, 

i?o ojHina TFeiV—The Roopana "Weir is thrown across a hollow or gorge in a low 
range of hills, closing the water-course which drains a wide area of country. The 
foundation rests on solid rock, the breadth of the masonry being 10 feet G inches at 
the base, and gradually decreasing, through an elevation of 18 feet, to 3 feet 3 inches 
at tlie summit. The ground to the south-west of the nuddee is secured by a wall of 
masonry, 0 feet at the base and 4 feot at the summit, having an embankment of 
enrth to its rear, 30 feet in breadth and 11 high, The weir, over which alone the 
water passes, with the single embankment to tbe soutli-west, measures ftlcngth of 522 
feot. Small bastions have been built in tbe weir masonry to give stability to the 
fabric. The water from the weir, after winding its course round the ends of several 
small range of bills, goes to give productiveness to other villages to the west. The 
income of water is so great, that, the chntlur, or cascade, overflows nearly the whole 
year. Rami suited for cultivation is the only desideratum. It is restricted to that 
confined between the several lines of hills, all oF which had to bo reclaimed from 
dense jungle, before the plough could ho called into action. This work was con¬ 
structed in 1S46 and 1847, at a cost as below staled :— 

ns. a. p. 

43,G80 cubic feot of limo masonry - - - 2,005 8 10 

73,850 „ of earth - 110 4 0 

Total oxpense of Roopana Weir - - 2,205 12 10 

847, The following extract, from tlie same author, describes the land 
of work referred to above as being applicable to tlie bill streams of the 
Punjab— 

Much lias been said of tlie usefulness of small weirs thrown across nuddees, ns on 
auxiliary to irrigation. The plate represents two of such weirs. No, 1, is thrown 
across the Knbra nuddee, which passes near to Nya Nuggnr. It is 315 feet in length 
forming a straight line, and stretching across the hod of tlie stream. Advantage lias 
boon taken of rocks which crop out of the nuddee ; serving for a firm foundation, 
and, in some measure, ns a rear support, to the masonry. Tho section on m it 
gives a profile of the weir, having a breadth at tho base of 10 feet, and of 5 feet 
10 inches at the top ; tho height rising to 13 feet. Tho work is strengthened by 
small bastions to tbe front. The water maintained in tho nuddee by this weir 
extends to the distance of three quarters of a mile, supplying wells on both sides of 
the nuddee, and indirectly proving useful by the filtration of the water through the 
soil. 

. No. 2 is another specimen. Its length is 145 feet. Half of the masonry rests 
on a firm rook, Nor the other half, no hard foundation was attained. The influx of 
the water after digging 6 feet below the bed of the nutltlee was so great, that nil 










V'h“ |r^ *a T N I'A Nl s- -\ O 
z _>///<'* jy/i n* road tc Ijnwjz cr ** 






Ek EVA npN 





IRRIGATION TANKS. 


421 


.Sorts to remove it proved unavailing. The trench wee filled up with un,l u ked liruc 
«“* stoues P^cnously thrown m, until the water-level was attained, when the 
masonry was built with, stone and mortar in the ordinary way. This work has c tood 
ten years, and is as firm and stable as the day it was raised. The sections any and 

= show . the , *“ k “ H 0± masonl T- The elevation affords a front view of the 
weii* from ltd heel, on. the nucldee being dry, 


In works of this land, over which the mountain torrents during the rains pass seve¬ 
ral feet in depth, attention should be dhected to the security of the flunky The 
masonry at each end of the water-way should be elevated a few feet above hi^h 
water mark, and firmly embedded in the hanks. With these precautions, the torrent 
may roar in its pnssage over the weir without exciting apprehension. 



CHAPTER L VI I . 

RIVER INUNDATIONS—RIVER IMPROVEMENTS. 

318. Before dismissing the subject of Irrigation Works, it ruay be 
useful to say something on River Inundations and River Improvements 
with both of which the Indiau Engineer has often to deal. 

Liundafions .—The tendency of Indian rivers to shift their course and 
raise their beds by tho deposit of silt has already been remarked upon—one 
effect of this tendency is to canse severe inundations during the rainy sea¬ 
son. Nearly all the rivers of the Punjab and Upper India in general, 
flood their banks for a certain breadth on each side throughout a consider¬ 
able portion of their course, these inundations gradually increasing as the 

liver approaches tlic sea where it terminates in an immense delta_which 

during the rains is little batter than a vast swam}). 

Now so long as these partial inundations arc confined within reasonable 
limits, little harm and much good result from them. They do not it is 
true land to the healthiness of a district and they prevent any autumn crap 
being sown on the inundated land—but the silt deposited by the water 
tends so to fertilize the land that on the subsidence of the Inundation in 
the cold weather, tho richest crops are produced with scarcely any trouble. 
In such parts of the country it is customary for the cultivators to construct 
temporary villages which are abandoned when the rubbcc or spring crop 
has been reaped—or such villages as are permanently inhabited are built 
upon natural or artificial mounds, and if necessary defended by a bund or 
embankment. 

The autumn crops which lie along the edge of tho inundation are also 
defended by bunds which often extond for miles in length; these bunds 
are of no great height or solidity, as they are not built where the water is 
deep and are merely meant to save the crops. 

But such inundations, from local causes, often attain to great force and 
sweeping over the low ground may extend through the heart of a district 
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ff ith a breadth of many miles and a depth of several feet. Houses, vil¬ 
lages anil crops are swept away—cattle and even human Icings destroyed. 
Moreover the water no longer flowing with a gentle and scarcely percep¬ 
tible current, acquires great velocity in its course through the low land and 
having no time to deposit its silt, impoverishes instead of nourishing the 
soil. An Engineer is often called upon to provide a remedy for Mich a 
state of things, and there is no work that demands more patience and 
skill, and none move anxious or interesting in its results. 

Thus it will be seen there may be two classes of embankments de.-igued 
to provide for two different states of things, viz., (1), long continuous lines 
of embankment to check the spread of lateral inundations, and confine the 
river within certain limits; or (2) a comparatively short piece of embank¬ 
ment thrown up to shut out a merely local inundation. 

349. 1 ■ The science of Embanking, if it may be so called, is still in its 

infancy, and very diverse are the opinions of Engineers on the subject, It 
is contended by the opponents of river embanking in general, that such 
embankments by restricting the bed of the river within certain hounds, 
cause such a rapid elevation of the bed from the free deposit of silt, that 
the waters of the river are year by year raised to a much higher level; the 
embankments have therefore to be raised and strengthened regularly, so 
that at last the bed of the river may be raised considerably above the level 
of the surrounding country, as is the case with the To in Italy, and the 
Mississippi at New Orleans—thus, whenever a breach may occur, the in¬ 
undation is infinitely more destructive than any number of inundations 
when the river is allowed to take its own course unchecked. On the other 
hand it is contended, that by confining the river between embankments, 
the velocity of the current is increased and thus the amount of silt depo¬ 
sited is lessened—that tlio improvement of the river thus effected for 
navigable purposes, together with the great area of IaDd annually saved 
from inundation, more than compensate for the loss caused by an occa¬ 
sional breach of the embankment that the evils of the present system of 
emba nki ng aviso from the want of method by which it has been characteri¬ 
zed, and by no means involve tlio general principle, and that if a certain 
amount of space be given for the river to expand in on both sides of the 
cold weather channel, there is nothing to be feared with ordinary precau¬ 
tions. The general question had to he dealt with practically in this coun¬ 
try in the case of the Damoodah river, as connected with the alignment 
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of the East Indian Railway. The opinions of different Engineers and of 
the committee appointed by Lord Ballionsie, to determine the necessary 
measures, will bo found in the Bengal Government Selections. 

In America, the question of embanking or non-embanking has been 
practically settled by the occupiers of the land on both sides of the 
Mississippi, where, as fast as the ground has been taken up and cleared 
bunds or levees (as they are there termed), have been thrown up as a 
defence against the encroachments of the river. The maintenance of 
these levees is being gradually brought under the control of the States in 
which they are situated, and Civil Engineers are now generally employed 
to lay them out, and construct them on the best principles.* 

350. 2. Whatever opinion may he formed as to the expediency or 

otherwise of long continuous lines of embankments, it is still clearly 
necessary to resort to embanking for defending a country from local inun¬ 
dations, and it is to such therefore in especial that the following remarks 
will refer. 

The first point to be ascertained is the actual locality of inundation at 
its exit from the river, as this will tolerably define the length of the em¬ 
bankment that will have be to constructed. At the same time the cause 
must be sought for, and this will generally be found to be—a set of the 
river towards that particular spot where the inundation breaks out, with 
perhaps the existence of a valley or old water-course or ancient bed of the 
liver into which the inundating water Hows, and by which it is carried into 
the interior of the country. It is in general impossible to ascertain the 
cause of this set, or at least very difficult. For the cause may exist higher 
up or lower down, or near the place itself, and these rivers, arc so capri¬ 
cious in their meanderings, that we know little of the laws affecting their 
various changes of course. 

In some cases, however, the enuso may be ascertained and attempts may 
ho made to divert the set of the stream towards the opposite shore. The 
moans to be adopted with this end in view will be discussed further on 
under the head of “ Improvement of Rivers." Such experiments are 
always doubtful, and usually require to be carried on through a scries of 
seasons to be successful. It is, in fact, battling with a giant and requires 
great perseverance, energy and skill to obtain any success. Works con- 

*The student may consult Ilewson on “Levees,” and Eliott “On tlio Mississippi and Ohio 
Rivers; " also a very able report which has lately been published by two Officers of the United States 
Engineers, “ On tho Physics and Hydraulics of the Mississippi River." 
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strutted when the river is low, are often swept away by the first freshet— 
and the work has to be done all over again. If therefore the damage done 
by an Inundation be great, but especially if it has a tendency to increase, 
the difficulty should be at once boldly met and embanking be resorted to 
as the only efficient remedy. 

351* The locality of the exit of the Inundation being ascertained, the 
extreme limits must be found out, that is, the breadth of the invading 
body of water; and its greatest depth should be ascertained at as many fixed 
places as possible; tins will he determined by actual obseiration during the 
flood, in a boat or otherwise, ami by inspecting the flood marks left on 
houses, trees, &c,, as soon after the waters have receded as possible. 

The fall of the ground from the points where the flood depths have been 
ascertained near the river bank, along the course of the inundation inland, 
should then be determined by levelling, and this being all plotted down on 
a plan of the surrounding country, the line of embankment will be deter¬ 
mined from the following considerations:— 

1st. It is evident that the two ends of the Bund should rest upon high 
ground not liable to be inundated, or that at any rate the upper end must 
so rest, or there will he the great danger of the embankment being turned 
and flooded in the rear. 

2 nd. If the river, as is generally the case, is cutting away its bank, 
the bund must be fixed at some distance inland or the river may eat its 
way to the foot. 

3rd. All canals and water-courses (unless it is intended to shut them 
up) will require Masonry Works over them, where crossed by the Bund, 
so that a proper quantity of water may Btill be allowed to pass for the pur¬ 
poses of Irrigation—wherefore it is desirable to cross as few of these as 
possible, and they should he crossed at right angles. 

4th. It is evident that the water when stopped in its onward progress 
by an embankment, will rise to a much greater height that it did when 
flowing on unchecked. The greatest height to which it can rise at any 
point of the bund, will be found by finding the fall from the opposite point 
on the river bank and then adding to this fall the height of the highest 
flood mark, observed at the point on the hank. Thus, if the water rises 
two feet high when overflowing its bank, and the fall from the bank to the 
opposite point at the bund be four feet—then the water may rise to a 
height of six feot when checked by the bond. I say, may rise, for this 
„ 3 i 
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will only happen when the water has no free outlet at the lower end 0 f 
the bund or when the fall down the course of the inundation is greater 
than the fall down tlio bank of the river. Nevertheless this horizontal 
line of still water (as it way be called) should always bo taken to deter 
mine the height of the blind, three feet being allowed in height over and 
above this total fur safety’s sake. As many points therefore on the river 
bank whoso flood marks are clearly determined, will give the required 
height of the bund at as many opposite points in the proposed line of the 
bund. It is evident then that the more inland the bund is made the 
greater will have to be its height, and in all probability the greater its 
length. 

These four conditions will generally determine the line of embankment 
which to satisfy them should, (1) have its two ends well secured, (2) not 
be too near the bank or it may be cut away, (3) should cross as few water¬ 
courses as possible and these at right angles, (4) should not be too far 
inland, or it will have to bo made very long and of a great height, 

Thera are also minor points which may have to bo considered, such as 
the taking up of cultivated land, the defending any particular village, 
avoiding bad soil, &c. The land between the bund and the river will be 
greatly enriched from the deposit of silt. On the other hand, such por¬ 
tions of any canals as lie between the bund and their mouths on the river 
bank, will be much silted up, and require heavy clearing after the water 
has retired. 

The height of the bund at various points being determined upon, the 
line should bo cleared and levelled, and then the required height at any 
number of intermediate points may lie ascertained by levelling. 

353. The section required for either class of embankment will depend 
on the depth of water and its velocity. I suppose earth to be the material 
employed, as stone would be rarely procurable, and generally much too ex¬ 
pensive. 

Unfortunately wo have few rules to determine the necessary thickness of 
material to resist water in motion. We can calculate the mere dead pres¬ 
sure from tlio depth and area of the surfaeo pressed, but the two great 
practical dangers to be guarded against, come under no fixed rule. These 
are, 1st, The tendency of tho water to cut against the slope of the bund, 
cither from the velocity of the stream or when agitated by waves; 2nd., 
The soaking of the water through the mass of now earth, which, unless 
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speedily checked, will cause breaches in many places. It is evident that 
both of these dangers diminish in proportion as thy hind gets older and 
the earthwork lias time to consolidate—it is during the first year that the 
greatest danger occuis, Ihere is also a third source of danger which 
should not pass unnoticed, and that is the holes made in the embankment 
by rals or other vermin. 

The thickness of the bond at top will depend on whether it is also to he 
made use of as a public road or not. The traffic on it tends to consolidate 
the earth, but it is also apt to break it down, and lower the cred. In the 
Plate an arrangement is shown for joining a road on to a bund, which 
obviates this objection. A top width of fi to 10 feet will generally he suffi¬ 
cient, with a rear slope of 1 or It to 1, according to the nature of the soil. 
On the water side, the slope cannot be too long for safety, and the degree 
of its flatness is a more (question of expense. It ought never to he less 
than 3 to 1, and, in general, should not be less than 5 tn 1. 

The earth should be thrown up in layers and well rammed, and the sur¬ 
face soil loosened to make the new earth bind better with the old. Sand 
may be allowed for the heart of the bund, but not for the two slope*. Stiff 
clay is apt to crack and is not so good as light clay or good alluvial soil. 
Shrinkage should lie allowed for, as in the case of Road Embankments. 
The amount depends on the nature of the soil, and usually varies from -jtth 
to T \jth the original bulk. 

The earth for the construction of a bund should on no account be taken 
immediately from its front, the effect of which would be either to deepen 
the pressure of tho watei against it, or to make a dangerous stream along 
its face. No excavations should be allowed within 20 feet of the toe of 
either front or rear slope. 

353. When the foundation soil is very boggy, it may be necessary to 
sock for an artificial foundation to support the bund. American writers re¬ 
commend brushwood, as in tho case of n road bank, but the danger of leak¬ 
age is very great, and may result in the new bank being undermined and 
swept away. If draining is too expensive, the sub-soil may be consolidated 
by wooden piles made of any common wood, and driven in 4 or 5 feet 
deep, or the earth may be excavated for 3 or 4 feet, and the excava¬ 
tion filled in with sand. A simpler and cheaper remedy is to use saivJ- 
pilet:, i. e,, a wooden pile of about one foot diameter is driven in some feet, 
and then withdrawn, the hole so made being'filled in with rammed sand, 
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and this is repeated at intervals of 3 feet or so in each direction, over the 
whole of the boggy surface. 

If possible the water-slope should be artificially protected. The best 
plan is to turf it, or at least the lower half of it; but unleBs grass and 
water are plentiful and close at hand, the expense would be too great. 
Grass roots may be dibbled in here and there, or grass seed sown and well 
watered. If none of these can be managed, then loose brushwood may 
perhaps he available, or coarse mats and cliuppahs. In Holland straw is 
used for the some purpose, twisted into ropes about 2 inches in diame¬ 
ter; it is laid on the face of the bank and pinned down with forked sticks, 
rope after rope being added till the whole slope is covered. 

Any dry streams or water-courses crossed by the bund should be care¬ 
fully filled up for a certain distance in front, as when the inundation first 
breaks out these nullahs are filled with water, which will often run down 
their course and cut clean through the bund, oven before the water has 
attained any height. Wheiever such nullahs appear either at right angles 
to, or oblique with, the bund, it is advisable to throw out spurs of brush¬ 
wood and piles nearly perpendicular to the stream of water to divert the 
set of these streams from the bund. These spurs may be made of a double 
'row of piles of jungle wood, about 4 feet apart and filled in with brushwood 
—they should be higher than the water, and may be necessary in consider¬ 
able numbers, as in the defence of a river bank, 

In crossing canals, Regulators will he required, made after the ordinary 
manner of regulating bridges, the roadways being level with, and connect¬ 
ing, the top of the bund. 

In a new embankment, the greatest watchfulness is necessary when the 
water comes up, to prevent breaches. Gangs of workmen should be sta¬ 
tioned all along, well supplied with mats, piles, mallets, &c. As soon as 
the water is observed to be soaking through at any place, mats or brush¬ 
wood should be put in front to stop it, and if a regular leak occurs under¬ 
neath, the bund must he well cut into and the leak discovered and stop¬ 
ped. If the slope is being cut away, piles and brushwood must be applied 
to remedy it, and a spur thrown out to divert the set of the water. If a 
break occurs and the water rushes through with any force, as is generally 
the case, it will be almost impossible to stop it—the only thing to be done 
is to defend the sides of the breach with piles and brushwood to prevent it 
increasing, and to wait the first falling of the water to repair it. Breaches, 
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however, may be occasionally stopped with tripods made of piles placed in 
a row,—and stout cliuppahs in front. Sacks of earth in sufficient numbers 
thrown into tbe broach aie also useful, or old boats may be sunk. 

Sluices of masomy ate often fitted to bunds to irrigate tbe lands to the 
rear. It is better, however, not to fix them until tbe earthwork has prov¬ 
ed itself fitm. 

354. Improvement of Hi vers. In forming plans for the Improvement 
of Rivers, tbe following aie the objects generally to be kept in view; 1st, 
The means to be taken to piotect the banks from the action of the cur¬ 
rent; 2nd, The means to prevent inundations of the surrounding country; 
3rd, The removal of bais, elbows, and other natural obstructions to navi¬ 
gation; 4th, The means to be lesoited to for obtaining a suitable depth 
of watei for boats, of a proper tonnage, for the trade of the river. 

1. To protect the banks either artificial means must be resorted to, to 
divert the action of the current along the shore, or the banks themselves 
must be artificially protected. Tbe latter plan can only be used when the 
banks arc high, and not liable to inundation and the soil of not too loose a 
texture. If they are perpendicular, they should be cut down to a gentle 
slope and defended by a revetment of turf, stone, &e., by sowing grass 
seed, or by planting low jungle or aquatic plants. 

In Flanders and Holland, when a bank is to be protected, if the erosion 
take place above tlie ordinary water line, and the natural slope of the 
ground below sueh as to support the weight of the bank, fascines are laid 
in horizontal courses and bound together by stakes running into the bank. 
When the bank is eroded below the ordinary water line, the course adopted 
is to foun a species of raft of gabions strongly tied together and fixed into 
the banks by stakes, with their ends projecting into the stream. Other 
gabions are placed on these in a direction parallel to the bant, and fascines 
alternately crossing one another in the body of tlie raft, are laid upon this 
grating. The whole structure is firmly bound together and sunk by being 
loaded with stones or bags of earth. Large hollows in the bank are filled 
with panniers loaded with gravel. 

It is evident that the expense of the above methods must preclude their 
adoption for any great length of shore in general. The set of the water 
against a bank can however often be altered by constructing fixed or 
floating spurs running out from the shore which deflect the current to 
the opposite side. 
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These spurs rosy consist of two or three rows of piles, the interval, beiiw 
filled with brushwood, which stand well against the stream, and by check¬ 
ing it and causing a deposit of silt, gradually effect their purpose. It i s 
calculated that sncli a spur will defend seven times its own perpendicular 
length from the shore, viz., four times its length below and three time? 
above. For economy of construction, therefore, the more perpendicularly 
such spurs are run out from the bank the hotter, but as the force of the 
water is often so great, that if placed perpendicularly to the thread of the 
stream, they would never be able to stand, and as the effects of the back¬ 
water at tire root of tho spur are also very great, J have found that an 
inclination of about, -15° should, in general, bo given to them, A system 
of spurs should lie so arranged, that tho next one is put whore the first 
one ceases to act, and the tops should iu all cases bo well above the surface 
of the water, so that the surface velocity may be chocked as well as the 
under current. If tho object is merely 1o protect the shore it is better to 
use a greater number of short spurs than smaller number of long ones 
whore the breadth of the current is considerable: it is evidently useless to 
to run tho spur into tho slack water beyond the current. If the object, 
however, is to deflect the current to a considerable distance from the shore, 
so as to alter tho net of the river, then long spurs must be used. 

355. Tho following is a description of the brushwood spurs constructed 
between 1855-58, to defend the Cuttack Itcvetincnt Wall from tho action 
of the Mnhanuddco river :— 

In 1850 a brushwood spur was constructed, Hie result of which was a two-fold one. 
Further silting up of the hollows under the revetment wall look place, and the line 
of deep channel of the river was diverted from a coarse dead on the revetment wall 
to a very favorable one, parallel to if. Tho spur consisted of a double vow of piles 
driven 5 feet apart from centre to centre, and a width of 3 feet between the rows. 
These piles averaged 15 feet long and 8 inches in diameter at the head. They 
were driven 7 feet into the sandy bed, and according' as a length of two or three 
hnndrcd feet was completed, the space between lliu rows was filled up for a height of 
fi feet, with fnseincB of brushwood, firmly packed and trodden down. The top was 
then tightly hound down by coir ropes, crossed from pile to pile,, and the whole was 
thus rendered very firm nml secure. There wns no attempt, made to weigh down the 
fascines with stones, ns it would have been too expensive, and the result proves that 
this wns not required, for, when the water rose over the spur, none of tho brushwood 
hnndlos showed any inclination to rise, float away, or resist being confined within the 
original space allotted to them. 

In 1858 a second brushwood spur, wns constructed by Mr. Armstrong, C.E. It 
wns 1,923 feet long, and constructed similar (o the one in 1850. This spur cost fi 
annas per foot run ; the one of 1B56 cost 8 annas per foot; tho difference is owing 
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in part to the fact that the Inst limit spur was everted during the dry weather, while 
that nt 185G was constructed in v\ ntev. I lie great tming however w as effected in the 
pile driving. The engine formerly used could only drive 24 piles per diem, with 10 
men s the light ringing engine nscil for the second spur required only 12 men, and 
dime on an average 50 piles. To assist the action of this spur, hrn-dnvood dtuua 
were ruu across the deep pools in the river, at various distances from 100 to 200 feet 
apmt, according to the depth of the water or the state of the revetment’s foundation. 
These dams were formed of three or four fascines, in the centre vvcie placed otic or 
two stones, according to theii size, and the fascines tied firmly round ilicui with 
three coir ropes, one at each end and one in the middle; these handles were about 
5 feet long mid 2 feet, in diameter in the centre, and at the end 12 inches or so. 
These works were quite successful in their object. 

35ti. Where stone is available at a cheap rate it is generally the best 
material for these works, especially when the depth uf piling is great, as 
timber piles of any length are often very dear. The following practical 
hints on such works will be found useful. 

For works ill depths of over 2T fathoms, use the largest stone available; 
small stone, used merely to fill up the interstices between large ones, being 
useless—wasted in fact. The base of the spur may be laid out a few feet 
more than double the height; the stones will stand well at slopes of 1 to 
1, and there is no necessity for more than a few feet in width at top. In 
depths of from one up to two and a half fathoms, use ordinary guide and 
sheet-piling', like the sides of a common cofferdam, with a line of brush¬ 
wood about G feet wide and 2 feet deep sunk on either side, to prevent 
washing about tlio foot of the piles. In depths of less than one fathom, 
two rows of jungle-wood piles, driven at distances of about 3 feet apart 
each way, the space between being filled in with brush-wood secured down 
with clay, or stones, &c. 

As the depth of water in which the largo spurs must be built is often 
considerable, it will bo necessary to adopt every available means which may 
bo likely to economize material; the following plan has otten been found 
to effect a great saving. The spur should at first be laid out only large 
enough to allow of its being carried up to the level of low water; as it will 
generally be found that, when the stone-work is carried up to this level, a 
elioal will be formed on one side, or perhaps, on both sides of it. "When 
the shoal is completely formed to the level of the spur, a line can be set 
out on the shoal and old spur, of dimensions sufficient to allow of its being 
carried up to half-tide .level. Half-title level will generally be found high 
enough to carry the stone-work; but if, when the shoal forms up to this 
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level, more be found necessary, another can be laid to be carried up to 
ordinary high-water. By proceeding in this way, a very great saving may 
be effected if the scheme be successful; while, if it fail, that is, if silt do 
not accumulate as the work proceeds, the worst that can happen is that 
the spur must be carried up as it would have been if the attempt had not 
been made. 

When building in currents, the site of the spur should be covered 
completely over with about a foot deep of small stones, or very coarse 
gravel, before any part of the work be carried up more than a few 
feet in height. This precaution is necessary whatever kind of spur be 
used : if it is not attended to, the current, which always runs round the 
spur-head, will deepen the site of it as the work proceeds, so that a wort 
which was intended to have been in 10 feet of water may be really carried 
out in 20. The deepening goes on gradually and almost imperceptibly: 
but the loss of nmteiial caused by it is often very great. In the ease of 
small pile and brush-wood spurs the piles may be all driven first, and then 
a thin layer of brush-wood put over the bottom, before any part of the 
body be raised. 

357, Floating breakwaters, consisting of an arrangement of logs made 
more buoyant if necessary, with casks, arc also recommended for deepening 
the channel of a river, protecting- a shore from inundation, or removing a 
sand bank. If these floating logs arc moored on the edges of the navigable 
channel, athwart the stream, the current would be thrown more into the 
bed or middle of the river (from the corner whore the logs are supposed 
to be fixed), till it is opposed by the next log fixed at the next corner; 
whence, again, a new and improved direction of the current may be given; 
by thus working at the different corners where the stream has a set on the 
shore, and is tending to increase the elbow already formed—and remember¬ 
ing always, that the angle of incidence is equal the angle of reflection, which 
will determine the inclination of the logs, a considerable effect may be 
gradually produced by the bulk of the water being impelled into the mid¬ 
dle of the channel. 

If the connected logs, are, instead of being placed athwart the stream, 
so situated as to keep back the water contained in its channel, and are 
kept at command by having chains at one end secured to the bank, and 
at the other end so fixed as to maintain the logs directly across the current, 
and if this he done on both sides of (he river, there will be a rush of water 
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between tlie ends most distant from the banks, which will constantly act in 
deepening the passage ill the middle, and generally along the bottom. 
Wherever shallows occur, this method would be applicable. 

In this way floating' spurs can be fixed, being moveable as cm a pivot at 
their shore ends. These logs should always be moveable, so that their 
inclinations may be altered as the set of the stream gradually changes, and 
that they can be removed during flood time. Their depths and breadths 
must be proportioned to the power of the river. 

35S, 2. To prevent Inundations, either the set of the river must be 

altered or Embanking must be resorted to, or a fiee'er outlet must be 
afforded to the flooding waters in their course down stream. To effect 
the first the means already described may be resorted to, the attempts 
being continued with perseverance through several successive seasons. 
The second lias been already treated of. 

Tbe third remedy is often applied by straightening the bench of a riser, 
so as to increase the fall, and, therefore, tbe velocity of the stream, but 
tha system is now generally condemned, unless it can be carried out 
down the whole course of a river. For the effect of straightening any 
particular bend by a cut-off, is simply to save the land above at the 
expense of that below, the flood waters being thrown into the river below 
the cut-off more quickly than they can be passed on, while nature revenges 
itself in the end by caving out the banks until the velocity of the stream 
and resistance of the banks arc again equalized, or perhaps, by estab¬ 
lishing another bend. The greatest benefit to be given in this direction 
would be by confining the exit of tbe water to one channel through the 
delta, whereby the depth of w ater would be increased, bars at the mouth 
swept away, and the flood waters above passed off. Of course, such 
on operation on tbe delta would involve great expense and much Engi¬ 
neering skill, but both money and skill would be expended in the right 

direction,” ... 

350. 3- The most common obstacles to Navigation in Indian Rivers 

are rocks—kunkur banks—sunken trees—and sand or mud banks. The 
last are best removed by diverting the current of the river agamri them 
by means of spurs as above described. Dredging may also be resorted to 


• The Amazon, Which discharge, its wstc.s DJ a single mouth,.tames th m 1-0 m ™ £ 
sen, and effectually prevents the formation of any bat. The mou ha of 

silt a short distance at a fcobio rate, when it is met bj the Me. and thrown up m the ahape bar,. 
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in particular cases, but it is generally very expensive and attacks the effect 
and not the cause of the shoal. The works generally employed for the 
removal of these shoals in Indian Rivers are called bcmrlds. 

They consist of bamboos fixed at intervals in lines inclined to the stream 
f • along these otheis are 

tied longitudinally, on 
which mats are hung 
facing the stream, the 
rear being supported by 
struts. In constructing 
these, two points have to 
be attended to. The piles 
after being well shaken 
into the sand shoull he 
driven dowmvilh mallets, 
and in placing the mats 
a space shown at AB must be left between their lower edge and the bed 
of the stream—the mats over-lapping one another. 

The action of such a work is to collect the sand carried by the stieam 
Fig. 2. and deposit it at the back of 

the bandel. If the mats were 
carried to the bottom this would 
not be the case, and hence a 
space is left for the water to pass 
carrying the sand with it, aud 
which as a rule, cuts a deep 
trench in front of the handle, 

as shown in Fig. 2. 

The defects of this system are—1st, Its buoyancy ; 2nd, Its porousness; 
and 3rd, Its limited application, due principally to the first defect. If the 
materials were heavier, then it might be placed in deep water; but to retain 
it for any length of time, even in the shallowest parts of the stream, it is 
necessary to have the piles constantly driven down, as they are always 
liable to be washed up and floated away. 

The second defect, arising from the openness of the mats, is not so 
detrimental as the former. A certain quantity of water passes through 
them without being of the slightest use, On the contrary, its effect is 
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rather injurious; for it increases the current at the back of the bandel, 
and assists in carrying off the finer particles of sand, which would go 
towards the accumulations in the rear. In some cases it is requisite to 
stop the current altogether, under these circumstances the mats hut very 
imperfectly perform their intended office. 

Bandels are generally arranged as shown in Fig. 3, which represents 
their position when first laid down. After they 
have been in operation some little time, the =and 
will commence to accumulate at the lower end and 
will fill up as far as A. To meet this lengthening 
of the channel, other lines of bandels have to he 
added, and continued as far as the filling up 
extends. 

300. The following improvement on the com¬ 
mon native bandel has been tiied with success by 
Mr. Longmore, on the Ganges and Blmgiruttee 
riveis. The construction is fully shown in Fig. 4. 
These groins were formed by a number of piers, 
triangular in shape, placed at intervals and tied firmly together. 

Each pier was constructed thus—8 piles were driven to form as near as 

Fig. 4. 



possible an equilateral triangle; over these a tiiangular curb, crossed with 


Fig. 3. 
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small bamboos, to form a sort of giidiron, was dropped and forced to 
the bottom. 

The ripper part was then tied to form a triangle similar to the lower arid 
piles were driven at intervals along all these sides and the interior filled with 
sand bags, made of mats rolled into a cylindrical shape and well rammed 
After this tho mats were applied, measuring 20 feet x 3 inches, made by 
tying the small mats on to a framework of bamboos. As soon as one side 
of the frame was fastened to the piers, tiro boats carrying them were with¬ 
drawn, and the force of the current carried it close in; often with enclt 
force as to make the whole groin creak and bend ag-ain, To prevent the 
escape of any of the sand bags, the lower curb was fastened to the top one 
with stout string. 


Fig. 5. 



The triangular shape of the piers was found advantageous. The wa¬ 
ter rushing through the opening between the piers spreads out on either 
side, outs away the sand and tends to tilt the pier over—this is coun¬ 
teracted by the struts, and its connection with tho other portions of the 
work—the sand under and in front is then cut away, and the pier sinks; 
in some cases inclined forwards, in others to tlic roar, but generally ver¬ 
tically, depositing a great mass of sand behind (see Fig, 5). In a depth 
of 12 feet, 10 feet have been shoaled up in the course of a couple of days, 
extending in one line for a distance of 150 yards, and at least 15 feetbioad. 

All the coarser sand is deposited at A—the finer is carried and deposited 
in the direction of B. 

S61. It is impossible to lay down any rule or number of rules, that 
shall be applicable to all the various phenomena of the river,—for fixing 
the sites of such works. Each reach of the river requires different treat- 
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ment at different periods of the same season, and in each year invariably so. 
In laying down any principle for guidance, the chances are that the phy¬ 
sical characteristics on which it is based, may not be fully lccognisul, and 
it will therefore be a failure. 

The contour of the banks may be safely taken for guidance when the 
river is high. The deepest and strongest current will inn along its concave 
side, from whence the bed will giadually slope up, forming a sand ban!: or 
shoal on its convex side. And a shoal generally exists running obliquely 
across the river, from the point where the cm rent pa««es, and from one 
bank to the other. But when the river is low, the banks afford very little 
indication where the current is deepest and strongest. 

Before deciding upon any line of action, it is very neces=ary to take 
soundings regularly, to a-ceitain any change 
that may he taking place m the bed of the 
stream, and to what pait it is likely to tend. 
In ease it has to he diverted from one direction 
to another, it is best to work in curves as inm-h 
as possible, that the water may lose but little of 
its initial velocity; but where the channcd can 
be made straight and preserved so, it should be 
carried out accordingly. For diverting the main 
stream of the Ganges, curved groins, arranged 
as in the figure, have been found to answer exceedingly well. 

It is often difficult to determine the effect a proposed gioin may have 
when there ai e a number of channels and currents. This will be shown on 
reference to Fig. 7. A strong current runs down B to 
A, passes and divides into two currents D, E. A groin 
at A, it might be supposed would divert more down to 
E: it may however have a contrary effect, for the current 
at A finding itself arrested would turn off in the direc¬ 
tion 0 and form a curve to F, a direction less favorable 
for the current down E. Then it might be urged that 
closing D would answer this end. Even this is prob¬ 
lematical. For the draw on the current down B, which 
must be kept deep, would be slackened, and it would 
tend to silt up, except it was closed long before the riveT reached its 
lowest. 
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In deepening a shoal the two nearest and deepest portions of the upper 
and lower reaches should he connected, even though somewhat oblique to 
the current, when the quantify of sand to be carried 
off is less than where the current is more direct 
For, apart from the greater quantity of sand to he 
removed and the tendency of the stream to economise 
its own force, it will bo found, that the relative levels 
in the two reaches are different (see Fig. 8). A will 
be lower than B, and for this reason, that in A, there 
is nothing to back up the stream higher than E • 
whereas in B, it is backed up from t), causing a head 
of water there which is all employed in forcing itself 
and its sand down to E. The difference of level ia 
only appaicnt when the stream has nearly reached ita 
lowest point. Bamlels arranged at C, before it has 
aid in opening a channel, and be ready for the lowest 
state of the river when a current would set through it, and to assist which 
tho bank at D should bo shoaled up. 

363. The chief defect in tho native bandel—its buoyancy—has already 
been noticed. To remedy this, it has been proposed to uso wrought-iron 
sheets instead of mats, retaining tho bamboo piles 
and struts. The weight of tho sheets would keep 
those in their position and prevent their being washed 
away. In addition to which, being impervious to 
water, their action would be more complete, ami fur¬ 
ther would afford the means of cutting off a shallow 
current entirely, which is often very desirable, but 
with the old bandel quite impossible. 

For deep water, a larger bandel has been suggested, 
made principally of iron, see Fig. 9, which shows the 
junction of the strut and pile, both made of anglo 
iron; the facing might bo of mats as usual. It would 
probably act very well and be quite sufficient for all 
the more important works and the common bandel, when improved, as 
suggested, would be fouud amply sufficient for minor works. 

The expense would not bo greater than the present system; as one line 
would be as effective as three ordinary ones, and though the first cost 


Kg. 9- 



Fig. 8. 



reached this, would 
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would be a little more, still in mats and bamboos there would be a great 
saving) without taking into consideration the immense amount of labor 
that would be saved, both in construction and in keeping down, or in at¬ 
tempting to keep down, the old style of bandel; and which, in spite nf all 
precautions, causes great loss by being washed away. 

3C3. The following simple dredge has been pioposed by Hr. Longmore, 
Fig. 10. for opening a channel through 

shoals when band eh had alftady 
been constructed. A simple ap¬ 
paratus, to be worked by hand, 
is all that is necessary; o or C 
feet i\ all it would have to work 
in, and that principally at the 
0 upper end of the channel, when 
the cunent being ‘^slacker there 

would be the most need for it. 

A—.pdo for keeping boat steady. 

B—Scoop. 

C—Bope for raising scoop. 

D—Anchor. 

E—-Platform on which to throw the stuff. 

FF—Beams tying sides of boat. 

G—Platform for men to work the scoops. 

Raking up the sand, by drawing a “burrow” through it to be carried 
off by the stream, has been tried, but found not to answer. This would he 
very effective in clay, or clay and sand, but in sand alone, lying for some 
distance along a shallow channel, its action would be very limited. 

304, Sunken trees are generally removed by blasting, and the follow¬ 
ing account of work of this kind as actually carried out on the Gogra 
river, in Omlli, by Lieut. Carroll, R E,, will give all needful details, and 
be found useful by those undertaking similar work:— 

It is necessary, in the first place, to describe the general features which 
produce the difficulty of removing a sunken tree. The current of the 
Gogra flows in many places 2^ miles an hour, or 3'6 feet a second. This 
speed is quite common round the edges of a kunlcur rock, or between the 
branches of a sunken tree; in many such places it is much higher than 
this, and as the pressure of the current is proportional to the square of the 
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velocity, the difficulty of working boats, or placing charges of gunpowder 
may be considered to increase in the same ratio. The trees are found 
sometimes wholly, sometimes partially, immersed in the channel, or they 
are found partly or wholly buried in the sands, and only creating danger 
in the rains, when the Hoods rise over their branches and hide them - or 
they are found thrown tip on the sands nml not imbedded, or lying f u p en 
on the banks ready to be swept in at the next floods; but wherever they 
are found, they offer a very indifferent mark for the action of gunpowder 
The ronndness of the branches and their small surface compared with their 
strength, the toughness of the roots, and the massiveness of the stem 
combine to nmko tho removal of a large tree a tedious and difficult matter 
It presents no large and weak surface like the hull of a sunken ship, and 
it lies usually in shallower water which offers less resistance ns tamping to 
tho charge. When broken up, the pieces, often of great weight Lave to 
bo dragged in and lifted up upon the high main bank, to prevent their be¬ 
ing again carried into tho river during floods, and becoming fresh obstacles. 
The above description applies to the largest class of trees, of which many 
have been found with stems 10 feet and more in diameter. The removal 
of a small tree is of course proportionally easier. 

Tho means employed for the blasting of trees last year, in Hie absence 
of bettor ones, were, charges of from 25 to 50 lbs. of gunpowder, contained 
in tin cylinders, and fired by means of tin tubes rammed with fuze composi¬ 
tion, and attached to the cylinders by a water-proof joint. The cylinders 
were provided with loops of rou-wirc projecting from the side, by means 
of which they could bo lowered into tho selected spot, by sliding them down 
bamboos, previously driven in and stayed against the branches of the tree. 
This method of placing tho charge has been retained, as it is found that no 
moderate weight attached to the cylinders will retain them in their places 
in a strong current, and because in many places a diver cannot be safely 
sent down to place tho charges. 

365. The mode of firing by fuzo tubes was abandoned as soon as 
possible; it was very inconvenient at any time, and the tubes were liable to 
break; they were also very uncertain in depths oven of G feet, and they 
could not be employed at all in considerable depths. 

Another method of tiring charges employed last year, and in the present, 
has been found very effective and,—granted that the cylinder and tube 
have been proporly tested,—it is perhaps the most certain of all. Instead 
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of the thin tin tubes above described, a tube of about three-fourth inch 
diameter is employed, and soldered into the cylinder near one edge. A 
thin bamboo lashed to the cylinder and tube secures the latter from being 
injured, and the cylinder and tube thus prepared and tested can be stored 
in the magazines ready for use. The testing is done simply by filling the 
cylinder with water, through the tube, till the latter is full to the top. If 
the cylinder will stand the pressure of a 10 feet head of water thus applied 
without leakage, it will bear to be immersed (when filled with the charge) 
to a depth of 15 feet, or if very tightly filled, to a depth of 20 feet. The 
charges thus prepared may be placed, as before described, by sliding them 
down on bamboos into the chosen spot. The firing is effected in the 
following way, which I believe to be novel. Into the top of the tube, 
which projects above water, is fixed a fuze which ia rammed in a tin tube 
9 inches long and of a slightly conical shape. The composition of the fuze 
contains near its head a pellet of iron of about half the diameter of the 
lower end of the tube. The burning of the fuze makes the pellet red-hot; 
it is prevented from blowing out upwards by two cross wires, and con¬ 
sequently when t,ho fuze has burnt out, the pellet drops through the tube, 
and ignites the gunpowder. A large number of charges have been fired 
in this way, and no failure has ever occurred through the pellet’s not fall¬ 
ing or not being bot enough. Charges thus prepared have been used in 
from 15 to 20 feet of water, and it is manifest that with flexible tubing, 
such as block tin gas-pipe, that they might be employed in much greater 
depths and with some advantage where time did not admit of the construc¬ 
tion of a galvanic battery. The fuzes should be rammed with ordinary fuze 
composition, which is a mixture of— 

lb. oz. 

Saltpetre, . .... 4 * 

Sulphur, . .... 1 1 

Mealed powder, . .... 2 12 

and care should be taken that the pellet is always considerably smaller than 
the tube it has to fall through, and that it is not angular in shape. 

366. The Magnetic Battery has also been employed this year with suc¬ 
cess, and though the mode of using it and the construction of the fuzes are 
amply detailed in Messrs. Wheatstone and Abel’s Report on the subject 
in Volume X. of the Professional Papers, Royal Engineers, part may be 
repeated here in order to render the account of the rough but eftectiv e 
fuze here employed more distinct. 


vol. n. 
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The ordinary fuze consists of a wooden plug carrying a gutta-percha core 
nserted through its axis, and containing two fine copper wires insulated 
from each other. The core projects three-fourths of an inch from the lower 
extremity of the plug, and its end is cut off dearly, so as to expose the 
extremities of the wire, which are one-sixteenth of an inch apart. The 
upper ends of theso insulated wires are separated from each other, and put 
into connection with two small copper tubes or eyes, which are fixed cross- 
ways in the head of the plug. These eyes are intended for the reception 
of the main wires of the battery, and the current in passing has to flow by 
the insulated wires contained in the core of the fuze, and to leap the inter¬ 
val of one-sixteenth of an inch which separates them. To enable it to do 
this, the exposed ends of the wires arc covered with an explosive composi¬ 
tion of feeble conducting power, consisting of an intimate mixture of the 
following ingredients :—■ 

Sub-phosphide of copper, ... 10 parts 

Sub-sulphido „ ... 45 „ 

Chlorate of potassn, . . . 15 „ 

About a grain of this composition is inserted into a small cap of metal foil 
which is twisted on tlve end of the gutta-percha’s core; and the bursting 
charge is contained in n tin tube of a few inches in length, which is fitted 
on to the end of the fuze plug, and corked at its lower extremity. 

When the fuze is about to bo used, and has been prepared in the man¬ 
ner described, the end of the wire which leads from the battery is pressed 
into one of the copper eyes, and another shorter wire is px-essed into the 
other eye, and its upper extremity put into connection with the outer sur¬ 
face of the vessel containing the charge, if it be of metal or with a metal 
plate attached to it; if it be of wood, the circuit through the fuze and main 
wire is completed by the water between the surface of the cylinder (or the 
metal plate), and a metal plate attached by a short wire to one of the poles 
of the battery, and immersed in the water. Tho neck of the cylinder 
through which the fuze has been inserted is of course stopped with a-water¬ 
tight plug. The charge being thus prepared and placed, the boat contain¬ 
ing the magnetic battery is withdrawn to a convenient distance, and the 
charge is fired by a smart turn of the handle of the battery, which, by 
causing the armatures of the magnets to rotate before their poles, produces 
the succession of induction current necessary for ignition. The main wire 
leading from the battery must be carefully insulated from the water, and 
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the connection of the return wires, with the water carefully made. Tha 
other connections with tuze and battery need not be made with as much 
care as when working with the galvanic battery, for, here we have to deal 
with electricity of higher tension than is produced by any galvanic battery 
of moderate power. 

367. This description of the fuze and its use, all of which may be found 
in greater detail in Messrs. Wheatstone and Abel's Report, above referred 
to, will enable me to dispose of the rough, but effective fuze, here employed 
in a few words. In place of the wooden plug, a cork is employed, which 
does the double duty of holding the gutta-percha core and of corking the 
cylinder. The core itself, instead of the carefully manufactured article 
above described, may be simply made by taking two pieces, each a few 
inches long, of single insulated copper wire cut from the coil employed as 
main wire, cleaning them for about half their length, and fuzing them 
together by passing a hot iron over the gutta-percha with which they are 
covered. They are then pressed together till the ends of the wires are one- 
sixteenth of an inch apart. A shorter interval may be employed with 
advantage, say one-twenty-fifth of an inch. This core is passed through 
the cork, and the portion of the fuze wires which have been cleaned and 
exposed, project above it for the purpose of making connections. One of 
these, supposing the fuze to be primed and placed in the cylinder, is bent 
over and put into connection with the metal of the cylinder generally by 
folding it up with a little slip of tin projecting from the neck; the other is 
put in connection with the main wire of the battery. 

The priming of the fuzo is previously effected by cleaning the inner end 
of the core, wrapping a small paper cartridge round it, inserting a grain of 
the magnet fuzo composition aud filling the rest of the cartridge with meal¬ 
ed powder slightly rammed, to prevent it and the fuze composition from 
separating from* the end of the wires. The end of the cartridge may be 
plugged with wax. This small cartridge is quite sufficient as a bursting 
charge for 50 lb, charges; but for larger charges, a larger one would be 
preferable, and could be tied round the cork, which would then be passed 
altogether into the charge, and other arrangements made for corking the 
cylinder. 

A water-proof substance must always be employed to cover the top of 
the cork, and protect the connection of the main wire with the fuze which 
is just outside it., from the water. The substance here employed is that 
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called Kitt composition; it consists of a mixture of the following ingredi¬ 
ents, slowly heated together : — 


Resin, 

Ita, 

oz. 

7 

8 

Pitch, 

e 

14 

Bees’ wax, . 

G 

H 

Tallow, 

1 

14 


In warm weather it should be kept cool in water, or it becomes too soft to 
use with convenience; in other respects it is perhaps the best and most 
flexible water-proofing that can be employed—an important point where 
any fuze or wire leading from the cylinder is liable to flexure or vibration. 

The only precautions that are necessary to be taken with these fuzes, be¬ 
yond the perfect insulation of the main wire from the water, are that its 
connection, which is just outside the cork, should be kept out of contact 
with the surface of the cylinder, and that tho cylinder itself should not be 
washed over with any water-proofing which would insulate it from the 
water and check the return current. The main wire should also be tied to 
the cylinder, so as to prevent any strain coming on the fuze or its connec¬ 
tions. 

The percentage of failures with theso fuzes has been exceeding small. 
Out of GO charges lately fired in depths of from 8 to 20 feet of water, and 
varying in amount from 50 to 450 tbs., there have been only two failures; 
and these were due probably to defective insulation of the main wire and 
not to the fuze. 

368. The Magnetic Battery and insulated wire were obtained from the 
Telegraph Department; the latter is copper of about one-eighteenth inch 
diameter, coated with gutta-percha. The battery is contained in a box 
about 14 inches square and 0 inches high. Its great advantages over the 
Galvanic battery are, that it requires the use of no liquids; it is always 
ready for use; its power is constant; and it is more compact and less 
liable to injury. The magnet fuze composition was prepared at Calcutta, 
but as it may sometimes be impossible to procure it, it is important to know 
a substitute. Mealed powder* when moistened to a certain extent is an 
excellent one. The mode of preparing it is described in the Royal En¬ 
gineers’ Professional Papers before referred to, but may be repeated here. 
Dissolve chloride of calcium in alcohol till the solution is saturated ; steep 
mealed powder in it till it has thoroughly imbibed the alcohol and with 
it the chloride of calcium. Dry the mealed powder completely, and pre- 
* Coultl not bo depended on during the hot winds or very dry weather.—W. J. C. 
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serve it so in a closely stoppered bottle. When required for u* a few 
minutes exposure to the air will, by absorption, render the powder suffi¬ 
ciently moist for use; this may be known by its showing a tendency to col¬ 
lect together into small granules. It may then be used in precisely the 
same manner as the sulphide of copper composition. Twelve or fourteen 
trial fuzes have been fired with this composition in succession without 
failure, but it has not yet been employed in place of the magnet fuze com¬ 
position ; the trial was considered to prove that it was sufficiently certain 
for ordinary use. Mealed powder may also be moistened to the proper 
degree for priming fuzes by simply folding a small quantity in thin doth, 
and breathing through it. It is apt, however, to dry too soon, and it is 
not by any means certain of ignition. Nothing further need be said c-n 
the subject of firing charges, but it may be added that the charges in com¬ 
mon use are 25 and 50 tt. ones, contained in tin cylinders. For use in 
depths of 15 feet and less, these cylinders require no strentbening. hut for 
greater depths they should be strengthened with either stays or rings. 

3ti0, It will render this account more complete, to give a few instances 
of the demolition of trees, out of the number that have been removed this 
year. 

In December, a largo semnl tree, lying 200 feet from the banks at a village called 
Chnprco, was removed by blasting. The depth of water at the root, which lay up¬ 
stream was 20 feet, and the current 2 \ miles per hour. A number of separate 
branches spread out under and above water, and were demolished by separate charges 
of 25 to 50 tbs. o£ powder. The root and stem gave most difficulty ; the latter w as 
however broken by two successive charges and separated and dragged to shore bv 
crab-capstans. The root which, spread out in irregular masses to a diameter of 20 
feet facing the current, resisted a groat number of charges, and several cylinders were 
broken on its projections ; others of the charges broke off portions, but brought other 
new ones up to the surface. The tree was finally demolished after the expenditure 
of 850 lbs. of powder, it would have been a manifest saving of time if a 400 If*, 
charge could have been placed near the root, but the strength of the current, and the 
shape of the root, rendered it impossible." The crab-capstans employed were roughly 
made, but lnivo proved, very serviceable. They are a convenient mode of obtaining 
great power, and a few carpenters and blacksmiths can make up one in a day or two. 

In February, a large tree lying near the bauk at the village of Taj poor was 
removed. The stem was a mass of wood of about 10 feet in diameter, and the i,ame 
in length. The branches were demolished in the ordinary way, but 50 lb. charges 
had no effect on the stein. As its upper side projected above the surface of the water, 

* Large boats could nob safely lie got into position, in front of such a tree, and even if they 
could a cask largo enough to contain <100 lbs. of powder would offer such a surface to the cur¬ 
rent uh to bo quite unmanageable; in some positions n cask may be sunk by another plan, des¬ 
cribed further on. 
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it was ultimately split up by small charges placed in holes bored m the wood He) 
also n clmige oi 1100 or 100 lbs,, if effective, would have saved time ; but neither was 
there a good position for one, nor do I believe that it would hue had any further 
effect than to throw the stein a short distance to one side or other, as the wood was 
perfectly sound, and of great strength. 

Near the same place a largo tree lying half on the bank and half in water was 
demolished by a 200 lb. charge, followed by n few small ones The charge was 
placed in a cask under a hollow of the tree and in the water ; the timber diicctly 
over the charge was about 12 feet thick, and embraced n palm tree Hint had mown 
with it. The timber around it was completely shattered by the explosion, but the 
palm itself was unhurt. Hero the good effect of the charge was due to the timber 
being rather decayed, and to the good position in which it was placed. 

In February, two trees, each 0 or 10 feet in diameter, were removed from the liver 
at the village of Beltlil'nh. The water was too sluvlknv for the use of huge charges. 
On one of them ft few 2d to dff lb. charges were first employed, and the .stem was 
lifted out of Lire sand so as partly to project above water ; it was then split up by 
small blasts placed in the wood, mid its demolition completed with 2d ancl-50 lb. 
charges. The other tree was removed in the same manner, and in both cases the 
fragments, which were large, were dragged out, by I livee capstans working together, 
and hauled up the main bank by an English gyn. Attempts made at Hie same place 
to rcmoi e u .sunken banyan treeweie unsuccessful. The roots resisted several small 
charges, and ultimately ft charge of Kid lbs., mid a force of 10 tons applied by means 
of capstans and cables, had no effect in tearing them asunder. 

In February, a largo tree lying on the .sands above the water level was demolished 
by means of two 2d lb. charges, tired simultaneously in the following manner : — 
From the main wire of Ilia battery, n branch was led to each charge, and ns the cylin¬ 
ders lay in dry amid, whereas a moist connection is necessary to complete the return 
circuit, the return wires of (lie fuzes were connected with metal rods driven down into 
the snud till moisture was reached. To make the connection more perfect, water was 
poured over each cylinder and the sand round it. The battery was 40(1 yards aivay 
at the edgo of the river. The return wire nud plate were immersed in the water ns 
usual. Both charges ignited perfectly simultaneously. 

In March a huge tree lying in deep water and a strong current at the village of 
Ticlcyah, was partially removed. Hero also two charges were fired simultaneously, 
but with little effect; ultimately u charge of 4b0 Ills, was sunk and fired in the 
following manner:—A cusk was prepared and tarred, ami two rings of hoop-iron 
were nailed on its ends, so us lo project from its sides ami allow it to slide down a 
rod. A bamboo 4 inches in diameter was driven in Hie best spot available, nud the 
cask was passed on to this by means of the rings ; it then stood floating on the water 
in an upright position and empty, hot with the fuzes prepared and inserted. In this 
case the independent fuzes were employed, as it would have been a difficult matter to 
recover the cnslc had one failed. The cask was filled and sunk in. its place in a depth 
of 20 feet, by weights ; the bamboo was securely stayed against the tree, and the 
main wire being connected with one of the fazes, the boats were drawn away, and the 
charge fired.* The effect was not so good as might have been expected ; some lower 

* In this manner tho drag of the current on the cask won rendered harmless, and in spite of 
it, the charge was successfully sunk into its position under a perfect network of branches, iu a 
place where it would have been quite impossible to briBg a large boat, 
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branches were separated and the tree was thrown into an upright position, hnt the 
stem was quite uninjured. The remaining operations require nJ notir o. 

A tree buried in the sand and liable to become dangerous on the shifting of the 
channel, was attacked in the following manner Its position and size were dr-: 
ascertained with iron sounding rods. The stem was found to he s feet umlrr the 
sand, and 7 feet 9 inches under the water level. A good position being -dei h-J, an 
iron tube 11 feet 6 inches long and 1 foot in diameter, was driven down V-ido it 
to a depth of 11 feet hy means of a ringing engine. The tube was then 1 ,r..-1 out 
to a depth of 10 feet with a boring tool 10 inches in diameter, and rrmidvd with a 
leather sand valve. A 50 lb. charge was passed down the tube to tint j rh. nr. I 
the tube was drawn by n differential pulley hung to the ringmu engine. Tin , hirze 
was filed by means of a tin tube and pellet fuze but without ran h rff, ct It was 
neither largo enough, nor had it been placed deep enonah. The tub’- *hnul,l hast* 
been driven 12 feet deep, and a 100 lb. charge placed at a lower loti than trie =o m. 
Time did not admit of repeating the operation, but the more dinner, .u* part of the 
tree was removed by other means. 

In this operation the Ringing engine was worked in the fullnuinc way—The mu- 
attached to the rant was passed down, and through a block at the rur of the tn.ine 
it was carried a long distance to the rear, attached to a peg andu,.rhtd air, mutely 
by two parties, one of which took it up when the other dropped it, and tl.c ram had 
fallen. In this manner nearly double the ordinal! number of blow- sure delivered 
in a minute, and the men were not fatigued to the usual extent i but of course a 
double working party was necessary. 

A large tree, lying in the 1 'sands near a village called Gyaspoor, was removed by 
small blasts fired in holes made by means of a lever drill. This drill, which w as 
made np out in camp, consisted of an iron frame, carrying a wheel 1 font in diameter 
and working on a vertical axis. The frame was provided with keys for clamping it 
on a square iron-rod 5 feet long, and pointed at one end. This rod could be readily 
hammered into tlio stem of any tree it was required to bore, ami the drill damped to 
it could thus he brought to bear in any desired direction—vertical, sloping, or hori¬ 
zontal—the axis of tlic wheel was pierced to carry a square iron-rod, in the loner tnd 
of which Lhe drill bits were fixed Tlie upper end was pointed, and prtssuie was 
applied to it by means of n lever damped at any required height to the rad driven 
into the timber. Tlic drill was driven from a 3-fect wheel placed in any convenient 
position ! it was capable of boring 3-inch holes with moderate rapidity. 

370. Tile following account of the removal of kunkur hanks, is by the 
same officer:— 

The features that these rocks usually present have been already describ¬ 
ed, and it only remains to state the means that have been employed in 
attempts to remove them. The first trials were made last year on a small 
rock of thin kunkur, lying in from 2 to 6 feet of water, and in a strong 
current. The apparatus employed was a species of small cofferdam of a 
portable character, consisting of an outer and inner frame and sheeting, 
and including between them 2 feet 6 inches thickness of strong clay pud- 
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dip. The space enclosed was a rectangle of 4 feet G inches by 3 feet 6 
inches, the object being to dry a space sufficient for a miner to work in 
and drive a shaft down through the kunkur, in which a large charge might 
be placed and fired. The outer sheeting of the dam was supported by four 
frames, rectangular in shape, and each 10 feet by 3 feet 6 inches high, 
braced diagonally and made of 3^ inches sal scantlings. These frames 
when bolted together at the angles formed a square enclosure, within which 
the shdoting was put down vertically in 6 inch widths. The sheeting was 
supported at tho back by longitudinal pieces parallel to the top and bot¬ 
tom rails of each frame, and inches within them. These pieces could 
he put in position after the frames had been bolted together. 

The inner framing was constructed in the same manner, only smaller, 
so as to allow the space between the walls required for puddling. The sur¬ 
face of the rock being very irregular and stoop, it was necessary to put 
down the the cofferdam in the following manner :—Two boats were anchor¬ 
ed over the rocks, and the outer frames previously bolted together so as to 
form a square enclosure, wore let down into the water. A few pieces of 
sheeting were then dropped in at the angles, and wedged when resting on 
the rock. Tho position and stability of the frame being thus secured, the 
remaining sheeting and the inner frame were rapidly put in, and the pad¬ 
dling commenced. The attempt to dry the dam failed; it was found that 
the substratum was sand, and tho water came up through cracks with 
which the surface of the kunkur was covered ; but there is no doubt that 
this kind of dam could be used occasionally with advantage where the mater¬ 
ial to be removed is solid rock or kunkur underlain with clay, it is very 
portable, and could be put down and taken up much more rapidly than a 
dam supported by any arrangement of jumpers driven into the rock. 

371. Tho next attempt on the same rock was made with boring tools of 
rough construction. A portion of the kunkur in 4 feet depth of water 
having been broken up, an attempt was made to bore down, through the 
substratum, with the object of placing a 50 or 60 lb. charge at a depth of 
C feet, or thereabouts, below the kunkur. This attempt also failed from 
the fact of the sandy substratum being too fluid to retain any hole. 

Trials were next made on a rock 80 feet long by 50 feet in width, and 
partly above water; the substratum in this caso being clay, the boring tools 
proved quite effective. The operation of placing and firing the charges 
ultimately took the following shape:—A 2-inch iron-bar was first driven 
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down into the kunkur to a depth of 6 or 7 feet, and drawn: into the hole 
thus formed, a small charge of powder contained in a thin cylinder of tin 
was inserted to a depth of G feet and fired. It was found that tliis>clinrge 
by its explosion produced a narrow crater in the kunkur about f> feet dtap, 
and after clearing the hole with a boring tool about. I foot in diameter, a 
50 ft. charge was readily placed at a depth of G feet under the kunkur. 
whether under or above water. It made little or no ditftrence in the ra¬ 
pidity of the operation whether the kunknr lay under or or or water. Tim 
hole having been tamped, the charge was filed with the pellet fuze.* pro¬ 
ducing a crater of about 18 feet in diameter, and G or 7 feet deep. In 
this manner the rock was rnpidily blown away to a depth of G feet under¬ 
water, the whole operation not lasting more than ten days, and had arrange¬ 
ments been more perfect, this time would have been shortened very much. 

372. In the beginning of the present season, attempts were again 
made on kunknr underlain with sand, and under 3 feet of water. TLe 
following method was now adopted:—Boats were prepared with framing, 
and planks sufficiently strong to bear a heavy strain; they were anchored 
over the rock with an interval of a few feet between them, and la-shul to¬ 
gether by cross-ties. A light triangle was erected on the boat, and from 
it was first suspended a beam of wood, shod with a heavy cast-iron pile- 
shoe, and slung from a pulley. This was worked up and down like the ram 
of a Kinging engine till the surface of the kunknr was completely broken 
up over a small space. On the spot thus broken up, an iron-tale 11 feet 0 
inches long and 1 foot in diameter, was now placed, and driven by a ram 
slung from the triangle, and worked as before described. "When driven to 
a depth of 7 feet, it was bored out, and a charge of 50 3bs. placed at a 
depth of 6 feet under the kunkur. The tube was then drawn with a dif¬ 
ferential pulley, and the boats being removed, the charge was fired by- 
means of Bickford’s fuze, producing a crater 1G feet in diameter and 5 feet 
deep. The operation occupied about 8 hours, but it was not repeated be¬ 
cause the river was too high at the time to make it of any real advantage 
except as an experiment. 

373. Since that time no operations have been undertaken against 
kunlrur l-oclcs, except the following, which was also purely experimental. 

The kunkur beds at Ilurdcc arc the most extensile on the Go r r n: they lie at 
various depths, and several rocks jut above the surface, or are jn c t concealed by it 

• This was one of tho ctuliest operations, and no galvanic or magnetic hatter;, w as at lion 1 

3 m 


VOL, H. 



450 


RIVER INUNDATIONS-RIVER IMPROVEMENTS, 


when tlio river is at its lowest level. But whatever their total extent may be there 
is no doubt that the removal of about 10,000 square, or 20,000 cubic, yards of the 
most prominent rocks would greatly improve the channel. It remains to be seen then 
to what extent the experiments that have been made justify us in supposing that 
this can he done within a reasonable time and at moderate cost. As in the previous 
experiments, boats were moored over the roelc ; this time in from 4 feet 6 inches to 6 
feet of water, and a current of more than 2 miles per hour. The other arranoements 
were the same as before, but as the kunknr here lay to an indefinite depth,andpnrtiol- 
ly mixed with clay, the tube before used was not necessary. A 2-inch iron-bar was 
driven slraiglrt down into Lire kunknr to a depth of C feet, and drawn by means of a 
differential pulley assisted by block tackle worked fvom a capstan. The hole thus 
made was slightly rymed out with an iron tool for' the purpose, and a slender sSl pile 
was driven down, deepening and widening the hole to a diameter of 3 inches ;* it was 
rapidly withdrawn, and a charge of 8 lbs. contained in a tin cylinder was pressed down 
into the hole to ft depth of 8 feet. This was filed, mid the hole produced, which was 
as nairow at the month ns at the bottom, was cleared out with a boring tool 1 foot 7 
inches in diameter and 1G feet long ; into this a diver descended, and reported that it 
was about 2 feet in diameter the whole way down and 8 feet in depth. A charge of 
GO lbs. was all that was available at the time, ami it foiled through the breaking of 
the cylinder ; but this failure in no way affects the principle ; moreover other char¬ 
ges wore fired successfully under tlio same rock, in the same manner ■ lmt this in¬ 
stance is given, as it was tlio most successful oue in the product of a large and deep 
shaft. 

374, Tlio centra of tlie above charge was at a depth of 7 feet 6 inches 
under the surface of the kunhur, and with a further depth of 4 feet 6 inches 
of water above it. Now, although wo have no exact data for the influence of 
this depth of water, we may presume that it will necessitate a considerable 
increase of the charge in order to produce tlio same effect as in air. The 
charges ordinarily used to produce three lined craters in earth are calcula¬ 
ted as £th the cube of the Line of Least Resistance, whereas I propose here 
to employ charges of ^rd cube of L. L. R. On this supposition, the quan¬ 
tity of powder required at that depth to produce a three-lined crater would 
be 140 lbs; and we may, perhaps, calculate that on an average, charges of 
15011)3. would produce craters of 20 feet in diameter; where the water 
was deep, they would, perhaps, produce less than this; where shallow, more. 
Part of tlie debris from such craters would generally lie about tlie edges, 
part would be blown to a considerable distance, and part would fall back 
into the crater where it would bo harmless, being at a considerable depth 
under the surface. On the debris which lay round the hole, the current 
would act powerfully, separating the clay and reducing its bulk to less than 

• In looso kunlnir of this description a wooden pile will act effectually as a wedge to widen ft hole 
already formed, but it cannot bo driven in the first instance even if shad with iron. 
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half the original; the nodules of knnkur themselves would Le carried away 
in the floods, or even if they remained they would be at a much grater 
depth under water, and could never Lind again into a surface as conn ait 
as the original. Thus it seems likely that, even were the blasting opera¬ 
tions not assisted by dredging, the result would still he to break-up, disin¬ 
tegrate, and reduce in bulk the whole rock, and leave the knnkur in such 
a condition as to be acted on by the succeeding floods, and to be gradually 
carried away altogether. 

375. On such an extensive rock surface as that of Hnrdee, it would be 
easy to accommodate three or more working parties.*—we may snpp-.sa 
three,—and it is not too much to assume that, with the proper applianies 
each party would fire three charges in a day. Eight charges a day would 
be a fair allowance for the whole three parties, and -uppo-ing such charges 
to be placed at two-lined intervals, or 14 feet apart, the whole number of 
charges required to break up a surface of 10,000 square yards would ie 
■462, the quantity of gunpowder about 70,000 Tbs., and the numb-w of days 
in which it could be done 58; but allowing for unavoidable delays and oc¬ 
casional bad weather, it would be well to calculate on the operation lasting 
three months, which is about the length of the season most favorable for 
such work. 

The cost of the operation may be roughly estimated as follows:_ 

E3. 

Working parties, including crews of three pair of boats, 

20 men each, at an aveiage rate of wages of Ik, 5, . G0Q 

Three Lallas in charge of boats, at Rs. 13, 15 

Hire of additional boats for carriage of men and materials 

to and from shore,.10U 

Total . 455 monthly. 

As experiment has not yet decided how far it would be necessary to assist the ac¬ 
tion of the charges by dredging away the debris into deep water, the hire of the three 


boats, at Rs. 30 per month each, will be added to the aboi e :— 

RS. 

Brought forward,.415 

Hire of three boats for dredging at Rs. 30 per month, each, 90 

Total , . 55o 

Total boat hire and labor for three months, . . 1,<‘05 


The work would of cotirse require the presence of an Engineer and t 

“ Each, pair of boats would take up a considerable space m order to keep the mooring 5 clear of eac' 
other, 
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European Overseer, whose salaries howovor will no! appear here Tj le 
expenditure on materials would bo trifling except that on vessels to contain 
the charges. This expenditure could bo reduced to a minimum by employ¬ 
ing either 100 or 200 111. charges, in either of which cases, the oiiginal 
powder barrels would be placed in tbc mines, and no expense would be 
incurred beyond that of making them water-proof. 

It 150 lb. charges be employed, ns here rontempi:! Led, U 10 cost 0 £ tin c . iindora 
should ho lidded to Hint of preparing the lianvlH, us it would ho necessary to employ 
for each 150 Hi. charge, one 100 lb. barrel, mid one CO lb. cylinder. ' 

ns. 

Cost of preparing 4G2 barrels, at 8 annas each, . . 231 

4G2 tin cylinders, at Its 1 each,.IG2 

Total, . C93 

Making a total expenditure during the progress of the 
works of.2,298 

370, The first cost of preparations and of a stock would he as 
follows:— 

The boats employed for boring and for placing the charges should be¬ 
long to Government; but their cost would lie a charge only against the 
first operations, as Ilia same boats would answer for all subsequent ones, 
as well as for any of the ordinary works of the season. Allowing two 
150-mauml boats to each working party, at a cost of Its. 1 per mannd of 
tonnage, the estimate would bo as follows:— 


Six IGO-inannd bouts, at Its. ICO cue'll, 


. BOO 

Decking, and strengthening do., at Its. 00, . 


. 800 


Total 

tr i 

In 

Plant. 


ns. 

Six 2 feet diameter boring tools, at Its. GO, 


. 300 

Three triangles, at Its. GO, ... 


. ISO 

Three differential pulleys, at Its. 100, . 


. 300 

Three crab winches, at Its. 100, 


. 300 

Miscellaneous,. 


. 150 


Total . 

. 1,200 

Grand total first cost of bonts and plant, 


. 2,4.00 

Grand total cost of labor and materials, 

1 i * 

. 2,298 


The above estimate for plant does not include jumpers, hammers, Ringing 






UIYl.lt INUNDATIONS—1UVEK IMPIIOYF'IFNTi. 


■i.D.i 


engines for driving the jumpers,* by which are here meant sini] ly pointed 
bars of iron, not steeled; blocks and some smaller 'tort', which in this 
case happen to be in hand at present. Had these to be included, they 
would increase the estimate by about Es. 400. 

Taking the figures as they stand, and adding 10 per cent, to cover con¬ 
tingencies and the wear and tear of tools and cordage :— 


The total first cost of boats and plant will be, . . 2.010 

The total cost of labor, boat-hire and materials, . . 2,025 


These amounts represent the cost of the operations on a -nukcii reek, as 
it would, be charged against the sum appropriated for work*, and it takes 
no account of the cost of European supervision and of gunpowder, which 
would not be so ; but where the expenditure of gunpowder is so great, its 
cost if it entered the estimate would become by far the largest item. In 
the foregoing estimate the cost has been worked out by calculating merely 
from the extent of the surface of rock to be demolished, and it has been 
tacitly assumed that the charges would in every case reduce the kunkur to 
a safe depth below the surface. This depth may, and has been assumed 
as 6 feet, but every additional foot that could be obtained would be of value, 
and bo worth a proportionate increase of expenditure. In order to obtain 
a clear depth of G feet in every case, it would, perhaps, be necessary to use 
larger mines where the kunkur lay nearer the surface, and smaller where it 
lay deeper. But it is thought that the average taken,namely, IDO Bh. for 
each mine, is oil the safe side of the truth. 

•T77. The difficulty previously mentioned, namely, that of entirely disper¬ 
sing the kunkur thrown up by the esplosion of a charge, might he partially 
obviated by using rather larger charges than those proposed, or by dredg¬ 
ing, or by both methods. Is is a matter for experiment, as no sufficient 
data for it exist at present; but it is suggested that it would be economi¬ 
cal to work only on the deeper part of a reef according to this method: and 
where cofferdams could be constructed, to employ them for the removal of 
all rock within 2 feet 6 inches or 3 feet of the surface, as in such shallow 
water they would be readily and cheaply constructed. Cofferdams appear 
to have been employed on the Ganges river works with a certain degree of 


. The jumpers on all the rock, yet tried could be hammered directly down thrown the Irunkur, 
which of course can be much better done with a Ringing engine than by hand. la the c*-. of hi 
kunkur it would be necessary to work the jumper in the ordinary fashion. 
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success, but at an enormously greater cost than that here estimated; there 
are also certain objections to their use, which cannot be gone into here 
and many of the rocks spoken of have a sandy substratum which would 
not almit of their employment. 

The above description and estimate will answer their purpose, if they he 
considered to show the feasibility of removing kunkuv rocks on a kige 
scale at a reasonable cost. On such a scale as here contemplated their 
removal is—by the ordinary methods of blasting—by no means a simple 
Engineering problem, and an inspection of the rocks themselves, with mas¬ 
ses jutting up here and there and the current racing over sunken beds 
between them, is not at all calculated to re-assure the Engineer, who has 
not at the time decided on his means of attack. 

378< 4. The means to be resoitod to for obtaining a suitable depth of 

water for navigation, are all comprised in the above paragraphs. The ex¬ 
pensive system termed look and dam navigation, often used both in America 
and England, which consists in dividing the stream into several suitable 
reaches or pools, by forming daius to keep the water in the pool at a con. 
stant head, and by passing from one pool to another by locks at the ends 
of the dams, could, it is evident, be rarely applicable to Indian streams. 
Something in this direction might, however, bo tried oil such a stream as 
the Ravee, where the river is of a manageable size, and tho results to be 
obtained by its navigation are very important. 
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Rutter’s, 228. 

Sibley's, 22S. 

Piers, timber, 12(1. 
foundations of, SS, 89. 
iron, 153, 
thickness of, 0U. 

Plinth, 5. 

Pontoon bridges, 75. 

bridge at Agra, 75. 

Pont de l’Alma, 100. 

Points, 230. 

Private houses, designing of, 60. 
Punkahs, 44. 


Rails, 225. 

Railways, Indian, 203. 
ballast of, 211, 212. 
curves of, 209. 
direction of, 205. 
earthwork of, 210. 
fencing of, 222. 
gauge of, 221). 
gradients of, 206, 20B. 
permanent way of. 223 to 230. 
resistance on, 20/. 
staff’ of 252. 
width of, 214. 

Railway tanks, 244. 
carriages, 231. 
chairs, 224. 
returns, 245. 
station, 51. 
stations, 239.’ 

„ Calcutta, 243. 

„ Umritsur, 242. 


i Itaih^ay st.it: :i-. dbr.enm.ias f,t 21 
i -igaol-, 25 t, 251. 

sltv]i..i>. 221. 

J teiunnus 21''. 

traffic, 218. 

| Rajbulia-, ;;n7. 

1 c.le.iraiii e rfi 30s 
j cost of, ii-.'J. 

| on Ei't-rn .Tunint cru.d, V' .1 
I sections of 5 is. ;jt i>j. 
l!ajpuot.iua loads-. Pi'ir. 

I'any. lull i n-ium ii ui-c. r> of ut, y.i. 

Rapids on i .ui.i'.s. 

Rivers, iiiipio.i n., nt v f, 251, 
Roads, origin of 151, 
con'trui tiun of l.'Oto 1WJ 
cost of 171. 
cru'S section of. I'", 
direction of. 15 s, py.i. 
earthwork ot. 172. 

I estimate of. 174. 

1 fairweathc-r. 155. 

gradients of, liJOto pit. 
lining out, 1S1 to 1>9. 
longitudinal scaiulis for, 171. 
metalling of Pis, liil to 153. 
slopes of 107. 
survey of 109, 175. 
trees for, 100. 
repair of. 191. 

Roadway, 90. 

Rollers for roads, 1D3. 

Rolling stock, 231 
Roots, kucha terrace, 24. 
iron. 35 to 39. 
planked, 33. 
pucka terrace, 25, 32. 
thatched, 39. 
tiled. 27. 

arched, 26. 

Rope bridges, 71. 

Roorkee girders, 30. 
trusses, 3S. 


Sand-bases, removal of, 359. 
Saugur suspension bridge, 151. 
Shingles, 34. 

Shoals, removal of, 359. 

Sindh Railway, 210. 

Slopes of roads, 167. 

Soane causeway, "0. 

Sohau bridge, 103. 

Spandrells, 93. 

Specification, 53, 57. 



IV 
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Specification, form of, 58 to 60. 

for road repairs, 195. 

Spurs, construction of, 354. 
at Cuttack, 355. 
stone, 356. 
floating, 357. 

St. Paul's Church, Rome, 8, 0. 
Sunken trees, removal of, 304 to 309. 
Superpassages, 399. 

Suspension bridges, 150. 

Sutlej canal, supcrpassaga for, 239. 
Swamps, passage of, 190. 

Switches, 230. 


Tunnels, shafts of, 21(5. 
cost of, 217. 
levels of, 220. 
lining out, 219. 
Tunneling, 198, 215 to 220. 
Turntables, 230. 

Tubular girders, 140. 

Under bridges, 221. 

Upper storied houses, 49. 

Ventilation, 46. 
Verandahs, 40. 


Tanks, irrigation, 335. 
Cliumbrumbaukum, 345. 
construction of, 337. 
for the Punjab frontier, 344. 
for the Upper Provinces, 343. 
Madras, 338. 

Mairwara, 346, 347. 

Mysore, 341. 
sluices of, 340. 
surplus water of, 336. 
waste weirs of, 338, 339. 

Tateels, 311. 

Torraco floors, 18. 

Tiles, colored, 19. 

Atkinson’s 29. 

Goodwyn’s, 28. 

Tinnevelley bridge, 103, 

Tonse bridge, 146. 

Tracing quadrant, 197. 

Traffic on Bast Indian Railway, 249. 

on roads, cost of, 176 to 179. 
Trapezoidal truss, 118- 
Traversing platforms, 230. 


Walls, foundation of, 1 to 4. 
thickness of, 7 to 10. 

Wall-piates, 13. 

Water-rates, 313. 

Water, measurement of, 314 to 317. 

Water module, Italian, 315. 

Carroll's, 316. 
on Ganges canal, 317, 
raising machines,,259. 

Warren's girder. 141. 

Well irrigation, 257. 

Wheel guards, 95, 96. 

Windows. 41. 

Wing-walls, 94. 

Wooden bricks, 14. 1 

Wooden bridges, calculations for, 104 to 
126. _ . 

Wrought-iron bridges, kinas o', 130. 
girders of, 137. 
roadway of, 138. 


ZlLLAHDAES, 319. 




